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INTRODUCTION 
It has long been recognized that a well planned landscape 
design increases greatly the value of an area. Landscaping 
includes the use of shade and ornamental trees, shrubs, turf, 
and perhaps annual or perennial flowers. These ornamental 
plants represent an investment in better living, a factor 
difficult to assign a monetary value. An attempt v/as made 
by the Pennsylvania Department of Agriculture in I966 to 
estimate the value of the turf industry in that state (58). 
They found turfgrass maintenance costs more tlian 157 million 
dollars each year. Including lawn service, the value of 
unpaid family labor, and cost of establishing about 22,000 
new lawnsf the total estimate was 23I million dollars. 
Including replacement value of lawn equipment, approximately 
334 million dollars, the total estimate was over 565 million 
dollars annually. It was concluded that from the standpoint 
of production costs alone, turfgrass is among the more 
important agricultural enterprises in Pennsylvania. No 
shade or ornamental trees, shrubs, or flowers were included. 
Had data been available on these plant types the figures would 
have been astronomical. This gives some indication of the 
relative value man places on landscape plants. 
As suburban sprawl continues and hostile environments 
such as streets and parking lots increase, the demand for 
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shade trees and tree-turf areas to aid in creating comfort 
zones for man will increase. Maintenance of a landscape 
used by man is, however, more complex than maintenance of 
other agricultural enterprises. Here, we are not concerned 
with yield in bushels per acre, but rather with maintaining 
various plant elements of the landscape at maximum aesthetic 
value. Landscape maintenance, therefore, becomes a dynamic 
complex of interactions between plants, between plants and an 
environment that extends both above and below the soil sur­
face and between.men who have different views of beauty. 
This is far removed from the natural landscapes of relatively 
unaltered countryside. For example, the atmosphere 
associated with the city or urban landscape is hotter in 
summer, colder in winter, lower in humidity, higher in air 
pollutants and transmits either higher or lower light 
intensity depending on presence or absence of smog and/or 
reflections or shading from various objects at a specific 
site. Soil is generally higher in temperature in summer, 
greatly disturbed from construction of many buildings, 
streets, and other objects, and compacted to varying degrees. 
Upon inspection of such areas one immediately wonders how 
landscape plants survive, yet many do. Landscape plants, 
therefore, are forced to compete not only with other plants, 
as under natural conditions, but must do so in a hostile envi­
ronment . • 
Research to aid maintenance of these areas should 
parallel increased usage, yet little research has been 
conducted concerning the manrnade landscape environment and 
its effect on plant growth. Likewise, relatively few 
studies have been made concerning the interactions of 
landscape plants in this environment. Fewer still are the 
workers in this area that comprehend the immense complexity 
with which they are dealing. 
If man is to survive the conditions he has created, 
much knowledge must be gained to aid in the use of plants to 
make the necessary liabilities of parking lots, streets, and 
other structures more habiLable. As the usage of parks, 
playgrounds, golf courses, and other facilities increase, 
maintenance procedures must be refined to aid in handling 
such traffic. The value of such areas is priceless in 
terms of good physical and mental health of man. 
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PURPOSE OF STUDY 
In most recreational areas two primary elements stand 
out as being essential to insure proper use by man; turf to 
provide a pleasing and relatively clean carpet over the soil 
surface and trees to provide shade. It is the exception 
to find one of these landscape elements without the other 
whether on grounds of a golf course, playground, park, 
church, public or private building, or suburban home. 
What are desirable densities of trees to insure good 
turf understory? What tree-grass combinations are com­
patible? What cultural practices can be adjusted to offset 
the effect of one plant on another (Figure 1)? These are 
unanswered questions at this time because research in this 
direction has been limited. Nearly all turf research has 
been conducted on small plots in full sun far removed from 
trees. Likewise, most tree research has been done with 
clean cultivation in an open field or in plantations with 
little thought of understory effects. The management of 
trees and turf in compatible association has been based 
primarily on miscellaneous observations rather than experi­
mental approaches. Of hundreds of papers reviewed, only 
two dealt specifically with tree-grass interactions in the 
landscape environment (151. 273). others dealt with one plant 
component only. Several workers have recognized the need to 
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Figure 1. Area void of grass beneath sugar maple (Acer 
saccharum) on Iowa State University Campus. Note 
grass stops at drip-line of tree outlined by the 
leaves and leaf shadows 
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develop turfgrasses that will grow beneath trees. Shade 
has been considered the primary limiting factor, either 
directly through reduced photosynthesis (204) or indirectly 
by increased disease susceptibility (21). Growing grass in 
shade was cited as the number one turf problem in a I966 
Pennsylvania statewide turfgrass survey of 326 golf courses 
(58). 
Reduced liglit intensity or disease does not seem to be 
totally responsible for turf failure beneath trees. Obser­
vations of plant response and a sampling of light intensities 
beneath trees on the Iowa State University campus suggested 
that additional aspects of competition exist between trees 
and turf. 
On the other hand, workers have recognized the need 
for faster growing shade and ornamental trees, and have 
cited either genetics or nutrition as the limiting factors. 
They have ignored the possible competitive effect of 
associated plants, namely turf. 
The word "competition" has accumulated a variety of 
meanings. The agronomist has defined it as differences in 
the efficiency with which different individuals secure from 
the environment, those factors in limited supply necessary 
for their growth and reproduction (66). The physiologist will 
think of competition as being for something-~usually light, 
water, or nutrients (66). To most ecologists the term 
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"competition" includes all those forces by which one organism 
succeeds at the expense of another (I50). The ecologist is 
more often concerned with the long term operation of inter­
ference between organisms which determine their own 
densities. 
To understand plant competition on an ecological basis, 
one must first investigate each individual factor as it 
affects the physiology of the plants. The environmental 
complex of all factors is more difficult to understand, but 
it is necessary if one is to understand the total effects of 
trees on turf, and vice versa. 
The purpose of this study is to determine the effects 
of root competition between trees and turfgrasses. To 
study this with more precision than in the field, a tech­
nique was developed which allows competition between plants 
under controlled conditions. 
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REVIEW OF LITERATURE 
Many factors have been defined which may, in some way, 
influence shade or ornamental trees and associated turf. 
The literature is extensive, so much that a grouping of 
factors is necessary for convenience and understanding, A 
selection of pertinent references is included rather than 
an all-encompassing treatment. 
The Shade Environment 
Light and shading 
In tree-grass interactions, the effect of shade on 
turf is of primary concern. However, most turf research 
has been conducted either in unshaded greenhouses or in 
open field plots. In actuality, a high percentage of the 
turf area in the United States is not under full sun con­
ditions, but rather in the shade or partial shade of trees 
and buildings. 
In recent years some research has been done on the 
influence of reduced light intensity on grass growth and 
quality. Penman (260) summarized findings on shading in 
this way, "With water non-limiting, constant soil environ­
ment, and prescribed nutrient status 'constant' (in a limited 
sense of the word) the growth of grass (measured as dry 
matter in the leaves) appears to be closely proportional to 
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the total energy supply available at the ground surface. 
As most of this 'heat budget' is used in providing latent 
heat for transpiration, and the fraction so used is nearly 
constant, the growth is also closely proportional to the 
potential transpiration." Using open mesh cotton cloth on 
a wooden frame to produce shade for shade tolerance studies, 
Burton, Jackson, and Knox (68) and Burton and Deal (67) 
found that three degrees of shade reduced coastal bermuda-
grass yields, stands, root and rhizome yields, underground 
reserves, and available carbohydrates, but increased 
moisture, lignin, crude protein, true protein, phosphorus, 
calcium and magnesium with nitrogen additions of 200 pounds 
per acre. At I600 pounds of nitrogen much less change in 
chemical composition was shown due to shade. Other methods 
devised for studying the shade tolerance of grasses have 
utilized Saran^ plastic shade cloth of various densities 
to produce shade of a specified fraction of full sun (127, 
171, 211). , Studying the effects of shade on velvet bentgrass 
(Agrostis canina) and creeping bentgrass (Agrostis nalustris) 
Reid (270) showed total growth of shoots and roots was 
reduced by shading, and percentage of plant weight as roots 
decreased with increased shading; thus root growth was 
affected more than top growth. 'Velvet' bentgrass was more 
Chicopee Manufacturing Co, , Cornelia, Georgia, 
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shade tolerant than 'Metropolitan' creeping bentgrass. 
Shade tolerance of 11 bentgrass varieties under artificial 
shade with disease prevention measures practiced was reported 
by Juska (171). He found that varieties which performed 
best in sunlight were also better in shade. Gaskin (127) 
showed that Baran shade cloth produces a light quality in 
shade comparable to that under trees (deciduous) when the 
incident light is not less that 25/^ of the available light 
intensity. When the induced shade results in light inten­
sity less than 25/5, the light quality is not the same as 
comparable intensity under trees due largely to greater 
absorption of blue light by tree leaves. In dense shade 
of deciduous trees, light is low in blue, high in green, 
low in red, and very high in far red. No great changes in 
light quality occur in shade of conifers because the width 
and opacity of the needles do not create a filtering effect 
(14, 153» 320). Beard (21) grew turfgrasses in natural . 
deciduous shade with only 5/w of incident sunlight and 
observed an improvement in stand density of Pennlawn red 
fescue (Festuca rubra) and mixtures containing 50^ rough-
stalk bluegrass (Poa trivialis) over a 3 year period. During 
fall, winter, and spring, these plots received nearly full 
sunlight because of seasonal leaf drop. Performance of the 
red fescues as a group was found superior to bluegrasses 
in shade- in both growth chamber and field studies (352). 
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Variations in growth rate under shade for different varieties 
of Lolium perenne, Phleum pratense, and Dactylis glomerata, 
were reported by Blackman and Black (35) who, nevertheless, 
did not describe their responses in the sun. Bermudagrass 
varieties and other turfgrasses under varying degrees of 
artificial shade displayed a wide variability between genera, 
species, and variety (209). Watkins (326) reported arti­
ficial shading brought about a decrease in plant weight 
and an increase in height of Promus inermis. A similar 
height response in three range grasses was reported by 
Benedict (26). Shaded plants of Lolium spp. gained less 
weight than those receiving full sun and root growth was 
influenced more than top growth (223). Mitchell and Coles 
(224) reported that shading of Lolium spp, caused a reduc­
tion in tiller numbers. Bohning and Burnside (^5) found 
apparent photosynthesis in the leaves of sun plants to be 
zero at a light intensity of IOO-I5O foot candles. 
Lukens (204) found low light intensity to favor disease 
in Kentucky bluegrass (Poa pratensis), apparently through 
curtailment of sugar production. He concluded that resis­
tance to this "low sugar disease" differs with the variety 
of bluegrass and rated 'Merion' most resistant followed by 
'Newport', 'Windsor*, common Kentucky bluegrass and 'Park*. 
Ironically, powdery mildew (Erysiphe graminis), which 
attacks Merlon bluegrass in the shade, striped smut 
(Ustilafijo striiformis ) and rust (Puccinia ^ raiainis ) were 
found to be "high sugar diseases". Correlations were estab­
lished between falling levels of sugars and increased infec­
tion in shaded foliage by Baker (1?) and Sucharnkov (306). 
Beard (21) studied the establishment and subsequent 
growth of several cool season grasses beneath Acer saccharum 
trees 2 to 3 feet in diameter. He concluded that disease 
activity, and not light, moisture,, or nutrient deficiencies, 
v/as moot significant in affecting grass adaptation to shade. 
Mixing of species proved valuable in reducing effects of 
disease on any one species in the mixture. Various workers 
have noted that failure of seedlings in shade is almost 
invariably associated with fungal attack (119, 314, 315. 
316) and often the effect of shading on the young plant 
is an increase in infection (91, 119, 144). Grime (142, 
143, 144) also noted that failure of seedlings in dense 
shade is usually attributable to fungal pathogens. He 
further states that there is evidence that predisposition 
of intolerant species to fungal attack is at least in part 
due to characteristics arising from adaptation for survival 
in habitats experiencing high light intensities. These 
characteristics are: (a) etiolation and mechanical collapse 
on shading, (b) inherently high rates of respiration, and 
(c) marked rise in respiration with increasing temperature. 
Grime and Jeffrey (144) further suggest that in comparison 
13 
with intolerant species, shade-tolerant plants are less 
susceptible to infection both above and below the compen­
sation point. 
Ability of plants to grow in low light intensities 
varies greatly from plants such as Trifolium subterraneum 
which is primarily adapted to full exposure to others such 
as Impatiens parviflora, which in all but the deepest shade 
produces dry matter as efficiently as many other plants do 
in full sunlight (l6l). On the other hand, measurements on 
single attached leaves, showed that photosynthetic rates of 
intolerant species exceeded those of certain tolerant species, 
even when measurements were made at low light intensities 
(^5)' Low metabolic rates appear to characterize the shade-
tolerant plants, but it is not clear whether these are 
imposed biochemically or arise through low permeability of 
the epidermis (142). As demonstrated by Heath (152), res­
piration may be inhibited by depletion of oxygen in leaves 
with tightly-closed stomates. 
Blackman, in conjunction with several other researchers 
has published a series of papers dealing with "physiological 
and ecological studies in the analysis of plant environment", 
specifically with various light factors (35» 36, 37» 38, 39. 
4o, 4l). Although dealing primarily with bluebell (Scilla 
non-scripta) as a test plant, inferences are drawn to 
relate to higher plants in general including changes in 
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leaf area ratios which coincide with light intensities. 
Nutrient leaching and altered rainfall 
It seems that the importance of leaching of solutes 
out of leaves may have been underestimated, although its 
occurrence has been noted many times. Pew workers have 
attempted to relate the affect of these materials on under-
story vegetation, and to date, no information was found that 
related this to the problem of growing turf beneath the 
canopy of trees. The possibility exists that the materials 
leached from the tree, although not necessarily toxic, may 
in some way affect the grass. 
Appreciable amounts of both inorganic and organic 
solutes are leached out of healthy living leaves by rain 
and dew (18?). Recent data show loss of carbohydrates by 
leaching (200,313). Concentration of several elements was 
significantly lower in leaves of trees exposed to rain and 
dew than in leaves of trees protected by a plastic roof (309,  
312). Ivanoff (I63) stated that "remarkable amounts were 
leached during the dormant period of trees." Rainfall is 
enriched with bases as it passes over vegetation and becomes 
throughfall. Throughfall nutrients as a whole.contributed 
13% of the nitrogen, 20% of the phosphorus, 57^ of the 
potassium, 37% of the calcium, 69% of the magnesium, and 
96% of the sodium falling from all sources. It also contained 
appreciable quantities of carbohydrates and polyphenols (76). 
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Canopy drip as well as litter leachates from decomposing 
leaves of maple (Acer saccharum) , and beech (Fagus pjrandifolia) 
have been shown to complex iron (104, 286, 287). The iron-
retaining capacity was attributed to an acidic polysaccharide. 
Using leaf leachates from southern red oak (Quercus falcata 
var. pagodaefolia). live oak (Quercus virdniana), and 
longleaf pine (Pinus calustris), it was found that the active 
components responsible for iron and aluminum mobilization 
were polyphenols, reducing sugars, and organic acids (216). 
They concluded that canopy drip v/as an important source of 
mobile soil organic matter for podzolization and other 
soil forming processes. Alpha-hydroxy carboxylic acids of 
a scots pine extract were considered by Muir, Logan, and 
Brown (232) to be the major components responsible for iron 
mobilization in soil. 
Ovington (248) recently reviewed nutrient distribution. 
However, his viewpoint was primarily directed toward the 
forest situation with a complete canopy rather than more or 
less isolated trees in a landscape design. 
Changes in soil structure and nutrient movement seem 
certain to have at least a minimal effect on associated turf. 
This seems a greater possibility when you consider the dis­
tribution of throughfall beneath trees. During certain 
periods, the uneven distribution of throughfall below a for­
est stand will lead to an uneven distribution of soil moisture 
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(271). Voigt (322) investigated the effect under two large 
coniferous trees, Tsu-^a canadensis and Pinus resinosa. With 
Tsuga, stem flow increased soil moisture near the trunk ; 
with Pinus. stem flow had no measurable effect. Uneven 
distribution of moisture was also found beneath an oak 
species (75)• The uneven distribution of soil moisture would 
be expected to influence evaporation from the soil surface 
as well as drainage and leaching. It would be interesting 
and important to know whether greater water absorption by 
tree roots coincides with areas of the woodland floor 
receiving greater quantities of water (27I). This should 
also have e direct influence on growth and quality of turf 
beneath trees. Particularly with shallow-rooted trees, there 
seems little doubt that soil moisture will be limiting from 
time to time during the growing season where frequent 
irrigation is not practical. Likewise ; the influence of 
leachates from the tree on soluble salts in the soil may 
influence turf performance although no references were found 
relating to this possibility. 
Guttation 
Another phenomena which may be related to turf produc­
tion in the shade environment is that of guttation. It is 
generally recognized that guttation occurs, for the most part 
when conditions' for absorption of water by roots are favor­
able (97). Cool mornings following warm days provide 
excellent conditions for guttation because in v/arm soils 
absorption ic very active and transpiration is reduced. 
Under these conditions water from the plant, and the solutes 
dissolved in it are exuded in small drops, most conspic­
uously through the hydathodes along leaf margins, but often 
and less obviously through other openings of uninjured leaves 
and through other plant parts (I63). Grass growing beneath 
tree canopies would be in such a situation following rain or 
irrigation. The low degree of air movement in these areas 
would also favor guttation. 
Guttation fluid is an ideal medium for the growth of 
certain microorganisms (96, 162, 299, 350, 356). Several 
types of bacteria and sooty molds were found growing on the 
leaf exudates of the ornamental plant, Philodendron 
"hastatum" (238). The under surfaces of leaves developed 
"exuding spots" which frequently showed necrotic centers. 
The high sugar content of the exudate, ranging from 28 to 
93 percent, apparently supported the abundant growth of 
black sooty mold. 
Studies on the relation of root pressure to plant 
diseases revealed that conditions favorable to guttation 
often result in watersoaking of the leaves, facilitating 
infection by pathogenic microorganisms which otherwise would 
have difficulty gaining entrance (I69). Besides providing 
a liquid vehicle for bacterial and other pathogens to enter 
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the host plant, the water of guttation causes an increase of 
relative humidity under and around the plant parts in a 
manner similar to the action of dews and other kinds of 
precipitation (I69). Similar results were reported in 
reviews by Ivanoff (I63), Kramer (I83). Stocking (30^), and 
Woods (35^)> 
Guttation alone may play an important part in turfgrass 
disease in shade situations. Leaching of carbohydrates and 
other solutes from tree leaves with some deposition on the 
turf may further increase this likelihood. 
Air movement 
The shade environment also causes a reduction in wind 
and air movement usually not experienced by turf in the open. 
Gates (131) states, "The flow of air across the surface of 
a plant transfers energy to or from the plant by convection. 
Natural convection occurs in still air and forced convec­
tion in wind. The size, shape, and orientation of the plant 
surfaces determine, in part, the efficiency with which 
energy is transferred by convection. The energy content, 
and temperature of a plant with small, finely divided parts 
will be strongly affected by air temperature." Air strati­
fication caused by reduced air movement accentuates tempera­
ture extremes adjacent to the turf (108). }Iigh temperatures 
and humidity frequently occur in these areas resulting in 
weakened, turf and greater disease incidence. Detrimental 
effects of temperatures greater than 80 degrees F. on 
bentgrass root growth have been reported (22, 23). It was 
noted that when air circulation was restricted because of 
screens formed by plant growth or physical features of the 
landscape, the problem of maintaining quality turf was 
increased. Reduced vigor of grass parallels temperature 
levels above the optimum. Disease outbreaks can be more 
severe and damaging to less'vigorous turf (108). 
Even though high temperatures are not normally con­
sidered to be associated with the shade environment, they are 
possible for short periods in conjunction with widely spaced 
ornamental trees. Exposure of turf for a period of a few 
hours on a warm day will greatly increase the temperature of 
the leaves. The reduction of air movement by the trees 
makes this increase even greater (7), It was shown that 
air movement of 4 miles per hour reduced turf mat tempera­
ture a maximum of 13 degrees F. compared to that reached 
when air movement was restricted (108), Rate of cooling of 
a leaf has been reported to be directly proportional to the 
speed of the air current. The effects of these various • 
factors are supported by Beard (21) v/ho states, "The micro-
environment conducive to disease activity was most significant 
in affecting grass adaptation to shade." Similar obser­
vations were reported by Clum (85), Ehlers (111), and Gates 
(129, 130» 131)' Various workers have reported on air 
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movement as related to plant growth. However, they dealt 
with upright-growing woody or herbaceous plants whose 
relationship with the soil surface is much different from 
closely clipped turf. 
Soil temperature 
Grass root growth in response to soil temperature 
appears to be a topic of some conflict between researchers. 
Stuckey (305) reported that with 12 cool season grasses in 
Rhode Island, few new roots were initiated during the months 
of June, July, August, and September. Except for an occa­
sional new tip on a mature root, no growth was noted. 
Neither elongation of existing roots nor development of 
new roots occurred to any great extent until the middle of 
October. These grasses were not clipped during the entire 
two year study. She also reported that in June, disinte­
gration of the roots from the previous season was noted in 
all species to a certain extent but more pronounced in some 
than in others. This is in agreement with Youngner (357) 
v/ho reported a similar root growth response to temperature 
by both Kentucky bluegrass and bermudagrass in California, 
likewise. Duff and Beard (108) reported a reduced rooting of 
bentgrasses under high soil temperatures resulting in an in­
creased susceptibility to turf loss from wilt. 
On the other hand, Sprague (302) investigated the root 
development on five-year-old sod of Kentucky bluegrass 
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maintained at 7/8 inch clipping height found on July 1, that 
at least half of the roots had developed during the past 
three months. He later found a similar response with 
colonial bentgrass. Brown (62) noted the greatest root and 
rhizome development was made at 60 degrees F. for Kentucky 
bluegrass and 100 degrees F. for bermudagrass. Later it 
was reported the best root weight and length for bermuda­
grass, Kentucky bluegrass, and Highland bentgrass was at 
74 degrees F. with an obvious decrease from 7'^!- degrees to 
80 degrees F, (357). 
Duff and Beard (108) noted a maximum difference of 10 
degrees F. at a 2 inch soil depth between areas of 0 miles 
per hour wind and areas with 4 miles per hour wind. With 
many grasses, such a temperature differential could be 
sufficient to reduce or stop root growth. High soil tem­
peratures may actually cause a degeneration of root tips 
(357) .  
More research on this phenomenon has been conducted 
with pasture grasses than with turf, but most workers agree 
that high soil temperatures are more injurious than high 
air temperatures (10, 15, 16, 135, 15^1 202, 210, 242, 259, 
307) .  
Soil aeration 
Soil aeration is also involved in the complex of fac­
tors influencing turf growth in the shade environment. In 
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his review, Bergman (28) states that the ability of plants 
to survive or grow when the oxygen supply to their roots 
is greatly reduced depends upon physiological or structural 
differences or both. Important physiological differences 
are oxygen requirement, nature of the respiratory system, 
and type of root system. Structural features are naturally 
shallow root systems, or by development of adventitious 
roots when the original roots are killed. 
A complete survey of the literature, up to 1920, on • 
soil aeration in relation to plant growth was made by 
Clements (83) who cited several examples of diseases caused 
by poor soil aeration. A later review of soil aeration 
as an ecological factor was made by Conway (88). Reviews 
on soil aeration in relation to effects on the physiology of 
plants by Miller (222) and Kramer (18^), and reviews on 
soil aeration in relation to plant growth from the stand­
point of agronomy by Peterson (266) and Russell (283) have 
contributed much understanding in this area, Bergman (28) 
reviewed oxygen deficiency as a cause of disease in plants 
and concluded that under experimental conditions, growth of 
certain parasitic fungi is affected very decidedly by oxygen 
supply or the amount of carbon dioxide in the medium in which 
the fungus grows, and that growth of other fungi is affected 
very little by the amount of either of these gases present. 
In most of the studies of diseases reviewed, little attention 
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Yv'as given to possible adverse affects on the host of reduced 
oxygen or increased carbon dioxide in the root zone as a 
factor in promoting infection by a specific parasitic 
organism. Barker and Broyer (19) noted that competition 
between roots and microorganisms for oxygen is probably keen 
at all times. 
The effect of high water tables and poor soil aeration 
on tree growth and survival has been reported many times. 
Under such conditions, low soil oxygen levels may be 
indirectly responsible for disease complications with both 
the grass and the tree as well as weakening both plants 
making them more subject to attack from insects. 
A recent paper by Aubertin, Rickman, and Letey (9) 
showed that an interaction exists between soluble salts and 
oxygen levels in the soil and the influence on plant growth 
may be considerable. 
That such a complex of factors exists, there seems 
little doubt. However, to what extent this plays a part in 
growth and survival of various plants is open to much specu­
lation, With the increase in soil compaction due to traffic 
on turf, these factors may become increasingly important in 
the future. It has long been recognized that soil compac­
tion is a problem on golf greens, athletic fields, or other 
high traffic areas (72, 73, 74, 100, 113, 156, 173, 192, 
193, 239, 348). 
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Various chemicals and physical soil amendments have 
been used in an attempt to increase soil aeration and prevent 
or alleviate compaction (195» 228, 278, 317, 339). At the 
present time, chemicals (primarily surfactants) appear to 
be effective only on very sandy soils or soil mixes. Soil 
amendments are numerous and much research has been conducted 
to determine their relative value. With established trees 
and turf, however, it is difficult, if not impossible, to 
incorporate appreciable amounts into the soil, therefore, a 
review of the effects of these materials will not bo included 
here. 
General Turf Culture 
Clipping effects 
The length of time a grass root is alive and functional 
and to what depth it is active are also points of controversy. 
Clipping of turf causes deterioration of roots near root 
tips and reduces root weights in lower soil depths more 
than in the upper part of the soil (330). Retardation of 
nev7 growth with some decrease in life expectancy of existing 
roots has also been reported (331)» 
The effect of clipping on root production has been 
frequently reviewed (97, 311, 330)• Curtiss and Clark (97) 
point out that numerous investigators, working with shrubs, 
trees, and herbaceous plants, have shovni that defoliation 
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or pruning reduces root growth. While yield of above ground 
parts after clipping is somewhat erratic, root production 
is universally depressed. The conclusions of these reviewers 
are supported by recent work on turfgrasses by Goss (134). 
Clipping reduces root production more than top production 
(172, 33^) and more frequent clipping has a greater effect 
on reduction of top and roots (92), It was shown that root 
growth stopped within 24 hours after 5O/? or more of the 
foliage volume was removed (92). However, a single clipping 
that removed or less of the foliage volume did not stop 
root growth (93)' Oswalt, Bertrand, and Teel (246) found 
that defoliation stopped root growth within 24 hours, and 
decomposition of existing roots began within 48 hours for 
both orchardgrass and bromegrass. Apparently, roots 
existing at the time of treatment were immediately inef­
fective in nutrient uptake, since labeled phosphorus injected 
into the soil at different depths was not taken up until 
new roots reached the labeled phosphorus zone. With range 
grasses, it has been reported that light to moderate grazing 
has little effect on total root weight, but increases the 
concentration of roots in the upper foot of soil (I66, 201), 
Parker and Samson (25I) found that roots of Stipa pulchra 
did not develop root hairs when plants were defoliated. 
Reduced carbohydrate reserves in underground parts of range 
grasses-has been attributed to close clipping (175). 
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This type of information would indicate that a more 
desirable management procedure for grasses competing with 
trees might be to increase mowing height and frequency. 
This would allow for a greater depth of roots and a lower 
percent removal of foliage at each successive clipping. 
Turf nutrition 
A high percent of all turfgrass research conducted is 
either directly or indirectly concerned with nutrition. 
Because most of this work has been done in full sun without 
the complications of shading, root competition, tree leachates, 
or other adverse conditions, further elaboration here on 
turf nutrition in full sun locations would be of little 
value. 
Relationships between plants 
Plant density in natural plant communities and in 
agronomic crops has been studied in detail. Agronomists have 
also investigated the area of grass and grass-legume 
associations in pastures with possible implications (42, 
43, 44, 70, 82, 101, 114, 128, 231, 247, 268, 325, 343, 
349). 
Relatively little has been done concerning turf den­
sity and seeding rates. Behavior of Kentucky bluegrass 
when grown as spaced plants and in mass seedings revealed 
the suppressing effect of one grass plant on another 
increases as populations increased (4), Influence of 
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domestic ryegrass and redtop on growth of Kentucky bluegrass 
and red fescue in turf seeding mixtures v/as reported by 
Erdmann and Harrison (112). 
Optimum rates of seeding for cool season turfgrasses 
v/as recently reported by Madison (215). He found that when 
seeding rates were low, the plants increased vegetatively to 
an optimum density; when seeding rates were high, mortality 
among seedlings was high and the population v/as reduced to 
the optimum density; when the seeding rate v/as at the 
optimum, little change in plant density occurred. Similar 
studies in relation to sun versus shade environment would 
be useful but are not available. Studies on factors 
determining density of southern "creeping type" grasses were 
not found. 
Soil moisture and root growth 
In this review, soil moisture and root growth work is 
subject to the same criticism as turf nutrition research. 
A few exceptions are included, however. The extent and 
location of the root system of grasses indicate that next 
to precipitation, the dominant factor affecting soil moisture 
in the upper layers of soil in a heavy sod is water con­
sumption by the plants (257, 280, 335). Grasses in general 
have their largest volume of roots within the upper foot of 
soil but may have a few main roots going dov/n below seven 
feet (11, 12, 13, 84, 253, 332). 
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Available moisture at 12 and 36 inches in a sodded 
orchard was determined by Rogers (280) using tensiometers. 
His data indicate that grasses absorb much more water at 
12 inches than at 36 inches and the absorbing region of the 
fruit tree was just the reverse, When both zones are 
depleted, grasses become dormant, but the tree either dies 
or is severely injured by dehydration. 
Bailey's work with grasses (11, 12, 13) has shown that 
these plants do not make as efficient use of moisture as 
some cultivated.crops and that they are only intermediate 
in their ability to withstand dehydration without injury. 
Partridge (253) found that grasses are usually the successful 
competitor because of their growth habit and tendency to 
limit extension of the superficial root system of the tree. 
No mention is made of the mowing practices followed during 
these studies. However, in reviewing pomology texts current 
at that time, the recommended procedure was to mow 2 to 3 
times per year with a sickle type mower at a height of 4 to 
6 inches. In any case, the clipping procedures were much 
less severe than those experienced by turf maintained'for 
athletic or aesthetic purposes. As noted earlier, clipping 
height is a primary factor in determining the extent of 
rooting of grasses. There seems little doubt that tlie extent 
of the grass root system greatly influences its competitive 
ability -for moisture and other factors necessary for 
growth (174). Likewise, whether this is a major or minor 
factor in the success or failure of a plant probably depends 
on the complex of conditions at a particular time (71, 98, 
105, 221, 302, 303, 331, 333). 
Tree Growth 
Tree root development 
Numerous workers have described the root systems of 
various trees under a variety of conditions and soils. 
Weaver and Kramer (332) state, "Although the root habits of 
a tree are governed, first of all, by hereditary growth 
characteristics of the species, they are often quite as much 
the product of environment." Hardwood seedlings, planted in 
an environment free of competition developed a superficial 
mat of roots having a radial extension of from 4 to 6 feet 
(84). 
Aaltonen (1) reached the conclusion that "the space 
arrangement of those parts of the trees which are above the 
soil is mainly decided by their roots and the competition 
existing between them for the water and the food in the 
ground." These views are shared by others workers (69, 78, 
61, 125, 198, 213). Because of the extreme variability of 
tree root systems under natural, conditions, it seems of littl 
value at this point to speculate on their development under 
medium to high maintenance turf conditions. Their response 
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will be of importance in further studies, however, and will 
need to be investigated. 
Root development in response to grass 
One of the few papers on the "mutual effects of tree-
roots and grasses in soils" was presented by Jensen in 
1907 (1Ô8). Using crude procedures as viewed by present 
day research techniques, he described what seemed to be 
beneficial effects shared by both tree and grass. 
Since that time, several authors have reported on the 
negative effect of grasses on tree establishment. The 
primary emphasis was placed on prairie-forest borders; why 
they remain fairly stable, and establishment of young forest 
trees on sites with high grass populations (5» 8, 18, 251 
51, 65, 80, 81, 89, 107, 126, 148, 157, 158, 160, 190, 191, 
212, 217, 220, 237, 258, 288, 291, 301, 332, 341). 
Weed cover reduced the biomass of a tree plantation 
on uncultivated soil from 67,620 kilograms to 27,470 kilograms, 
that is by 40,150 kilograms per acre (296). It was concluded 
that weeds had deprived the trees of 19,272,000 kilograms of 
water. It seems probable that some of the weeds they 
referred to were grasses or that a grass cover could act as 
weeds. Removal of grass from around longleaf pine seed­
lings "stimulated growth to a remarkable degree" according 
to Pessin (263) and resulted in better survival and growth 
of hardwood shelterbelts (132), Lane and McComb (191) 
suggest that during periods of drouth, the roots and rhizomes 
of many perennial grasses become temperarily dormant 
starting growth again when soil moisture becomes available-. 
In contrast, trees often become progressively desiccated 
until all parts die. The differential response of grasses 
and tree seedlings to soil-moisture levels below the per­
manent wilting point, the greater root volume of grasses, 
the more rapid rate with which grass depletes soil moisture 
and the inhibiting effects of low soil moisture upon seedling 
growth all operate against the early success of hardwood 
seedlings planted in heavy sod cover. Seedling trees 
growing in areas free of root competition have an opportunity 
to root deeply and to develop a root system capable of sus­
taining them when soil moisture is critical (133)-
Weaver and Kramer (332) conclude that burr oak is suc­
cessful in its competition with grasses and shrubs because 
of its deeply penetrating and widely spreading root system. 
Other investigators have reported similar views (31, 158, 
332). Unfortunately, no reports were found that mentioned 
turf maintenance in relation to the depth at which a tree 
produced roots. Such information would be useful in planning 
landscapes involving tree-turf areas (324), 
White (3^1) noted, "some inherent deficiency of the 
prairie soils irrespective of the environmental conditions." 
He went on to attribute this to a mycorrhizal relationship. 
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Olsen (24^) attributes herb survival in forest areas as 
nutrient competition. He states that "ligneous forms can­
not thrive in the glade as they cannot compete with herbs, 
which have only a small annual production of dry matter." 
Recently, Woodroof (353) stated, "A permanent sod of 
bermudagrass in a pecan orchard is never very satisfactory." 
He further noted that v/hen any permanent sod such as bermuda­
grass is used in an orchard, the amount of fertilizer applied 
should be doubled, and even then the trees will not make the 
growth nor fruit as heavily as trees cared for under a better 
system of culture. This suggests a similar effect under 
landscape conditions. 
Only two recent papers were found that directly relate 
to tree establishment in areas of existing turf. Richardson 
(273) studied the effect of perennial ryegrass on root 
growth of sycamore maple. He found perennial ryegrass con­
sistently restricted rooting depth and lateral spread of 
roots, depressed root growth rate, shortened the period of 
active growth, and reduced the density of root hairs. Dif­
ferences between full-grass and half-grass plots were less 
than between half-grass and grass-less plots. Richardson 
attributed this effect to: (1) active root growth of the 
grass beginning considerably earlier; (2) root growth of. 
grass is more rapid; (3) total absorbing surface of grass 
roots is considerably more extensive in the same volume of 
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soil; and (4) under conditions of the experiment, effects 
of grass were more marked than those of nitrogen deficiency. 
Harris (I5I), however, reported root distribution in 
the surface soil by trees growing in turf was greater than 
those growing where the soil surface v/as bare. He also 
noted that the increase in trunk circumference and in tree 
height made each year attest to the depressing effect of 
turf on the growth of young trees. Unfortunately, neither 
Richardson (273) nor Harris (151) presented data on the 
actual Quantitative top or root growth of the tree species 
studied. 
Transfer of materials between plants 
The phenomena of "living stumps" has intrigued foresters 
and others for many years. Numerous works have shown that 
root grafts, functional to varying degrees, are responsible 
for maintaining the "living stump" for a period of time (5^, 
55i 117f 136). Labeled materials were used to follow water 
and nutrients from tree to tree through root grafts (188). 
Transfer of disease-inducing organisms has also been shovm 
(137). 
The effects of root grafts between trees, as such, are 
probably not important to tree-turf relationships. However, 
while investigating root grafting between trees, Bormann (53) 
found that "pond water added through the soil to one plant 
may be carried through its roots to new soil areas and 
appear in the tissues of adjacent plants." Later, Bjorkman 
(3'-0 found that after injecting labeled carbon and phos­
phorus compounds into spruce trees, radioactivity v;as 
detected in the, fungus (niycorrhizae) and tissues of Monotropa 
growing beneath, indicating a bridge for transfer of com­
pounds. Field investigations and pot trials in which radio­
active phosphorus was applied (as K2HPO4 solution) to leaves 
of 2 to 15 year old trees (species of Quercus, Acer, Tilia, 
Picea, Larix, Betula, Fraxinus, and Pinus), revealed that 
transfer could occur to trees 0.25 to 2 meters distant of 
the same species or other species and genera (268). It was 
suggested this transfer took place not only through natural 
root-grafts but also through root contacts and perhaps via 
the soil solution between roots in proximity. Transfer v/as 
found more active between different genera than between 
trees of the same species in some instances. 
Such evidence indicates that a transfer of materials 
between plants can occur without root-grafts. Under semi-
arid conditions, Breazeale and Crider (60) suggested that a 
certain amount of dependence of one plant upon another may 
exist in nature in relation to their moisture supply. The 
rhizosphere effect has been noted with numerous crop plants 
and trees (146, 14?, 269, 282), 
Nutrition of trees 
As with much of the previous information on trees, most 
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of the work has been conducted in forest situations. Tree 
nutritional studies where a full canopy exists admittedly 
are not very applicable to tree-turf situations. Forest 
tree nutrition reviews with some information adaptable to 
ornamental trees is available from Kozlowski (180), Kozlowski 
and Keller (l8l), and Gaertner (123). The most complete 
work to date on forest fertilization is a review by 
r.'lustanja and Leaf (240). They contend that "basically all 
trees react to the environment in a similar way. They have 
definite requirements for all factors; a minimum require­
ment, a maximum tolerance, and an optimum somewhere in be­
tween. These tolerances vary considerably among species 
and even within species." The extreme variability within 
a species was shown in permeability studies of seedling 
yellow poplar roots (186). Values ranged from 0 to 
30,000 cubic millimeters per centimeter squared per houi'. 
This is one of the few attempts to measure variability within 
a tree species and undoubtedly similar, but perhaps less 
striking, differences occur in other growth related 
processes. 
Information dealing specifically with ornamental trees 
is woefully lacking. Woodroof (353). dealing with pecan 
culture, comments that, bermudagrass feeds so heavily on 
soil nutrients it usually causes the trees to appear as if , 
they had received no fertilizer even though an amount 
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adequate for other conditions had been applied. A suggested 
fertilizer rate of 6 pounds of actual nitrogen per 1000 
square feet of area for all trees, applied to the soil sur­
face has been considered (155i 241). Possible undesirable ef­
fects on grass are not included but the need for grass 
foliage to be dry to prevent burning is recognized. Harris 
(151) noted that nitrogen fertilization increased tree 
growth, particularly those trees which had turf growing up 
to their trunks. Other workers suggest various ways of 
fertilizing trees, but carefully avoid commenting on the 
effects on turf (164, 346). 
KG doubt, tree nutrition in manmade landscapes is 
closely linked with nutrient competition from any adjacent 
trees and shrubs as well as associated herbaceous plants... 
This seems to be an area virtually untouched, both from the' 
arboriculture and turf management standpoints. 
Tree-Grass Interactions 
Root cation exchange capacity 
Cation exchange capacities of plant roots have been 
reported (94) with herbs being highest, followed by conifers, 
broad-leaved trees, and grasses being lowest. Unfortunately, 
it is not disclosed what grasses were tested. Such infor­
mation suggests that competition between plant types could 
exist for cations. Cation exchange capacities of plant roots 
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and the effect on ion uptake and nutrition in general have 
been "proved" and "disproven" several times over the years. 
Gray, Drake, and Colby (I38) reported that potassium uptake 
by plant species at low levels of soil potassium was closely 
correlated v/ith root cation exchange capacity. Cation 
exchange capacity of roots of a number of ornamental plants 
was determined by Dunham, Hammer, and Asen (109). Plants 
closely related botanically had similar root exchange 
capacities. Analysis of tops of plants grown in nutrient 
solutions of varying potassium and calcium concentrations 
showed root cation exchange capacity to be one factor 
influencing the chemical composition of the tops in solu­
tions of low ionic activity (I09). Wiersum and Bakema 
(3^5) noted "the conclusion can thus be drawn that in the 
experiments conducted, the occurrence of a competitive 
adaptation of the root cation exchange capacity in relation 
to its surroundings has been demonstrated." They also showed 
a difference between plants in root exchange capacities and 
that these capacities are most important to the plant under 
low nutritional levels. 
Crooke, Knight, and Keay (9^) furthered the argument 
by stating, "At first sight the implications of the cation-
exchange properties of plant roots in relation to mineral 
nutrition may seem unimportant, especially as current 
theories of ion absorption do not consider ion exchange as 
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part of that process. However, the increasing number of 
reports connecting soil colloids, cation exchange in roots, 
and nutrient levels in the plant suggest that it is prob­
able that the cation exchange capacity of roots has an 
influence on the nutrient status of the plant." 
On the other hand, Fried and Broeshart (121) state that 
"much evidence has accumulated indicating that factors other 
than cation exchange capacity of roots actually control ion 
uptake by living plants", and suggest that the cation 
exchange capacity of roots does not control the relative 
uptake of individual cations. Vimrnerstedt (321) recently 
reported that it is not the complete answer to explain 
cation uptake. Other workers concluded that there appears 
to be no relationship between either total salt absorption 
or nutrient requirement and root exchange capacity (106), 
Peterburghskii and Nelubova (264, 265) studied anion 
exchange in roots with few results. This research approach 
has not received as much attention as that concerned with 
root cation exchange. 
Plant competition 
Plant competition has been reported many times under a 
variety of conditions (199» 284). Gastellani and Prevosto 
(77) concluded that it appears that suitable applications of 
supplementary amounts of fertilizers, especially nitrogen and 
phosphorus according to the natural fertility of the soil, 
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can reduce, but not completely eliminatethe negative 
effects caused by poplars on the yields of rice and wheat 
in the first three 5-rneter-v.'ide strips close to the rows. 
Jamisen (16?) also noted that trees adversely affect the 
growth of herbaceous plants around them. This is further 
supported by Moir (225). 
Cable (71) recently reported the characteristics of 
root systems, top growth and soil moisture account for 
differences in competitive effects among vegetation classes 
under semi-desert conditions. Burroweed (Aplopacpus 
tenuisectus) reduced annual grass production 18 percent, and 
reduced perennial grass yields 25 percent. Burroweed and 
annual grass competition together reduced perennial grass 
production 46 percent. He attributed the effects primarily 
to competition for moisture. 
Only two references were found that dealt specifically 
with competition between trees and grass maintained as turf. 
Richardson (273) reported that ryegrass greatly reduced both 
top and root growth of sycamore maple (see also page 32) 
and Harris (151) reported that little increase in trunk -
circumference and heighth attest to the depressing effect 
of turf on the growth of young trees. 
In all the references and reviews on soil aeration, 
there was no mention of plants competing for soil oxygen 
when their root systems shared a volume of soil. It seems 
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that if a plant or group of plants suffer from low soil 
oxygen levels under certain conditions, then if both a 
group of plants (turf) and a large individual plant (tree) 
shared a volume of soil, the demand for soil oxygen on that 
soil would be even greater. 
All other references found dealing with possible tree-
grass competition were concerned with grass in a pasture or 
prairie condition. Many other references were reviewed 
that dealt with some specific aspect of plant competition 
but were only indirectly applicable to this study. 
Soil moisture competition 
In a review of drought resistance of woody plants, 
Parker (250) stated that little is known about drought 
resistance of roots as such. There are considerable data 
on moisture, drought, and related factors, but little con­
cerning plant competition and moisture stress. Others 
consider root competition for moisture and nutrients an 
important factor in limiting growth of tree seedlings in a 
closed stand (33i 308), Trenched and untrenched plot 
experiments were conducted by Korstian and Coile (179) who 
demonstrated that competition between individuals of the 
forest vegetation for soil moisture is a highly significant 
factor in growth, development, and reproduction of loblolly 
and shortleaf pine in the piedmont plateau. However, 
addition of moisture to plots under shade in white pine 
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failed to counteract the "shade effect" (226). 
It has been reported that in woody plants when the 
root-leaf ratio is high, the leaves have a higher trans­
piration rate per unit leaf surface than when it is low, 
other conditions being optimum (29, Zk-9). This suggests 
that when there are fewer leaves per amount of root, these 
few leaves are better hydrated. However, when the entire 
soil mass dries down to levels near the permanent wilting 
point, the root seems to become dormant or at least cease 
growth (250). On the other handextreme desiccation is 
probably unusual, because when leaves of oaks have died 
from drought, the roots of the same seedlings may still 
have white viable tips (52). Kramer and Bullock (186) 
found the major part of water absorbed by pine occurred 
through suberized roots and little through growing tips. 
Only a fev/ days of subjection to dry soil conditions 
was shown to result in decreased root permeability in certain 
herbaceous plants (185). However, during periods of drought, 
the roots and rhizomes of many perennial grasses become 
temporarily dormant starting growth again when the soil 
moisture becomes available (133). 
Soil moisture competition no doubt plays an important 
part in establishment of turf in association with existing 
trees and also in establishment of trees in existing turf. 
Unfortunately, it has not been measured under landscape 
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conditions to date. 
Growth inhibitors 
In 1832 DeCandolle (I03) raised the question of the 
existence of natural growth inhibitors secreted by plants 
that inhibit the growth of other plants. He believed such 
substances existed and that they were important factors in 
plant ecology. Other workers reported similar beliefs, but 
their views were not widely accepted. In a review as late 
as 19371 Loehwing (199) concluded that the existence of 
naturally occurring differential plant growth inhibitors had 
not yet been proven. 
In 1952 Shaw (295) wrote, "The concept that specify 
toxicity of certain organic substances in soil has an adverse 
effect in plant nutrition has been scoffed at many times, but 
it has been adequately demonstrated by recent investigations." 
As recently as 1957. Billings (30) wrote, "The phenomenon 
appears to be rare among the higher plants but perhaps the 
rarity is illusory simply because of lack of data..,it may 
be widespread." 
A series of studies was carried out by Bonner and his 
associates (27, 48, 139, l40) and in his review (49) Bonner 
was able to show that plant growth inhibitors are important 
factors in the interactions of some plants. He was con­
cerned primarily with establishing that differential growth 
inhibitors exist. It now appears that plant growth 
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inhibitors may be far more widespread and important than 
was first suspected (124). Apparently, there are no limita­
tions to particular classes or even phyla. Fungi and 
bacteria elaborate inhibitors of varying degrees of potency 
and specificity (124). Representatives of grasses (3, 24, 
59» 112), trees (49, 6l, 170, 261), shrubs (46, 318, 337)» 
and other groups have been shown to produce these substances. 
The black walnut tree and its effects on associated 
plants has been studied in detail (6l, 90. 102, l4l, 219» 
285). In areas with similar soil and climatic conditions, 
the presence of black walnut trees is generally considered 
a dominant factor in determining the composition of the plant 
community (6I). Plants growing within 50 feet of a black 
walnut form a decidedly different community than those 
growing around other kinds of trees in the immediate area 
(124). 
Other trees have also been reported to release inhibitors 
(20, 56, 79, 145, 194, 323)' Some of these inhibitors are 
leached from the foliage while others may be released from 
the root system as exudates (49, 99» 178, 244, 262, 290), 
Five times as many annual herbs of some species were observed 
under dead Encelia farinosa bushes as under live ones by West 
(336). He attributed this to production of specific sub­
stances by the living shrubs. Later, 3-acetyl-6-methoxy-
benzaldehyde was identified as the phytotoxin (139, 140). 
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The toxic effect of Bncelia leaves was found less severe on 
plants in a good garden soil than in sand culture and 
suggesting that the toxic agent is inactivated or destroyed 
by the soil microflora (l40). One of the most striking 
characteristics of some inhibitors is the wide gap between 
the concentration which inhibits the growth of sensitive 
plants and the concentration which actually kills those 
plants (124). This may be the reason the actual inhibitors 
were not investigated to any extent until recent years. 
The subject of interactions between higher plants is a 
very complex one, the several phases of which include the 
concept of competition and that of biochemical inhibition or 
allelopathy. Any unfavorable effect of one plant upon 
another is likely to be regarded as competition unless the 
effect can be shown to result from the release into the 
environment of an effective phytotoxin (234). It was further 
noted that significance of allelopathy to ecological theory 
is very great. Small quantities of toxins may be responsible 
for massive reductions in plant growth and in water or 
mineral absorptions and thus strongly influence microclimate. 
Traditional theories of competition, reaction, biomass pro­
portions, energy flow, mineral cycling, and eco-system 
organization are all liable to re-evaluation where allelo­
pathy is demonstrable (234). Salvia leucophylla, Artemisia 
californica and other aromatic shrubs reportedly contain 
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phytotoxic terpenos which volatilize and inhibit the estab­
lishment of seedlings of a wide variety of plants at some 
distance from the shrubs (235» 236), 
Chamise (Adenostoma fasiculatum) roots greatly reduced 
vegetative growth and seed production of annual bromegrass 
(Bromus mollis) on fertile and non-fertile soil (189). Toxic 
root exudates from chamise and effective removal of nutrients 
from the soil by chamise roots was considered responsible 
for this reduction. Three phenolic compounds capable of 
bacterial inhibition were reported by Rice and Floyd (272). 
They concluded that they could play a dual role in plant com­
petition through direct inhibition of higher plants in addi­
tion to the inhibition of important microorganisms. 
Plant exudates include a wide variety of substances; 
oils (292), antibiotics (351, 355)» sugars (64 ,  254), cou-
marin (319), alkaloids (230, 233), thiamin and biotin (338), 
mineral salts (120), enz^nnes (20?), aldehydes (139), nitro­
genous compounds (203), nucleotides (205), amino acids (6, 
252), and nucleic acid derivatives (122), Specific acids 
listed as suspect include dihydroxy stearic (289), sali­
cylic (86), cinnamic (50), melilotic, phenylpropioloc, 
piperic, and 2-furanacrylic (267). Positive identification 
of these compounds as substances present in, or derived 
from, roots does not assure that under normal conditions of 
growth, they are excreted into the rhizosphere (354). 
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As in other instances, no work v/as found concerned 
with tree-turf situations, although much literature on the 
subject was located. That such a relationship exists between 
certain tree-grass combinations has yet to be shown. The 
influence these and other possible inhibitors have on 
management of turf beneath trees is a point of some specu­
lation. Such chemicals may act in any number of ways on 
the many phases of the complex shade environment; a shift 
in microbial population, disease relationships, nutrient 
availability, root growth, or shoot growth. 
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DEVELOPMENT OP EXPERIMENTAL TECHNIQUE 
Review of Literature 
The goal of many investigators of plant competition has 
been to devise a technique of growing plants together so 
that effects of root competition may be determined quanti­
tatively. Most investigations have been conducted where 
complete recovery of root systems was not attempted. The 
trenching method of examining root systems and estimating the 
quantity of roots per unit of soil has been described 
classically by Weaver (327, 328, 329). Coetzie, Page, and 
Meredith (87) introduced minor modifications such as marking 
out the wall of the trench in quadrats. Other refinements 
have appeared such as the separation of the root system from 
the soil by the use of water to reduce root breakage and to 
obtain a more complete root system (255. 256). Likewise, 
Weaver and Darland (331) removed a soil monolith from a 
trench wall and encased it in a wooden box. Moraghan (227) 
described a system of placing the root system on a sheet of 
polystyrene resin and spraying the roots with an aerosol • 
plastic for permanent study. Another approach was to esti­
mate total root weight from soil core samples which were 
washed to free the roots of soil. Various types of sampling 
tubes have been described (115, 1^9, I65, 279, 310). Williams 
and Baker (3^7) offer a more complete list of conventional 
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techniques for root investigations. 
All of these approaches permit estimates of root 
development. Unless differences were very great, they were 
likely to go undetected. In studies where treatments are 
devised to delimit the components of plant competition, it 
would be desirable to know more precisely the amount of roots 
produced in response to specific conditions. Breazeale 
and Crider (60) devised experiments with plants growing in 
soils of different moisture contents by use of a double 
pot technique. Landers (189) evaluated root competition 
between shrubs and an annual grass by growing plants in 
separate containers and allowing the root systems of the 
shrubs to grow into the containers of grass. But here the 
root development of the shrub species v/as not under suit­
able control. 
Experimental Procedure 
After considering many possibilities, a "connecting 
pot technique" was developed (3^0). The experimental unit 
consisted of three 10-inch diameter pots, each containing 
a small tree and six 6 1/2-inch diameter pots containing 
tree roots, with or without grass, plus controls (Figu.re 2). 
This provides approximately 0.92 cubic feet of soil per 
tree. Trees 5 to 7 feet tall were pruned to a single leader 
to provide maximum light penetration to the grass. Tops 
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Figure 2. Schematic layout of connecting pot technique 
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were heavily pruned to offset loss of roots when removed 
from the nursery and when trimmed to fit the 10-inch pots. 
Each tree selected had at least 4 roots similar in thickness 
and at least 16 inches long. These roots were fitted through 
holes in sides of pots and extended in various directions 
(Figure 3)« Three trees of the same species, selected on 
the basis of tree size and uniformity of their root systems, 
were placed in a triangle which allowed each tree to have a 
root in four different small pots (Figure 4), The ends of 
all roots extending out of the 10-inch pots were pruned to 
suitable lengths, making root ends approximately the same 
diameter. The terminal 2 inches of all roots were inserted 
in a drain hole in the bottom of 6 l/2-inch plastic pots 
(Figure 5)- All roots extending between pots were wrapped 
with moist sphagnum and several layers of 4 mil black poly­
ethylene held in place by "Tv/istems" (-Figure 6). No dif­
ficulties were observed during the course of the experiment 
with desiccation, feeder root formation between pots, 
initiation of nev/ roots within pots, light and temperature 
injury, or disease. 
An experimental unit provided the following combina­
tions: two pots with one root from each of 3 trees, two 
pots with one root from each of 2 trees, two pots with one 
root from one tree, and one pot with no tree roots, One pot 
of each pair was seeded, the other left bare. The time of 
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Figure 3. Method of arranging tree in large container with 
roots extending through wall 
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, y;.- >, 
Figure 4. Arrangement of containers to allow each tr 
have a root in four different small pots 
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Figure 5« Root inserted in bottom of container 
5k 
Figure 6. Roots extending between containers were wrapped 
with black polyethylene and moist sphagnum moss, 
held in place by "Twistems" 
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insertion of the tree root in the base of the pot in relation 
to the development of the grass could be varied according 
to experimental objectives. 
All pots were placed on a platform approximately 6 inches 
above the floor in the greenhouse and sloped to aid surface 
water drainage (Figure ?). A series of ISO-watt incandes­
cent lights were placed approximately 8 feet above the 
platform. These were used to maintain l6-hour days and 
supplement the inadequate lighting conditions during winter 
and early spring. When natural daylight approached l4 hours 
in length, the lights were removed. 
The relative humidity was maintained at about 50/^ by 
use of a fogging system beneath side benches in the greenhouse 
as needed. During the period between potting of trees and 
full foliage development, trees were syringed 2 to 3 times 
daily with a fine mist. This aided bud emergence and helped 
prevent desiccation of the young leaves until roots became 
established. 
The "connecting pot technique" appears to be very useful 
in quantitative determinations of competition response 
between woody plants or woody and herbaceous plants (340). 
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Figure ?. Overall view of experimental set-up, Note 
pruning to allow maximum light penetration 
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I. TURP ESTABLISHED PRIOR TO INTRODUCTION OP TREE ROOTS 
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PURPOSE OP STUDY 
The objective of this experiment was to determine the 
effects of established closely-clipped Kentucky bluegrass 
turf on root development of newly planted silver maple and 
honeylocust trees and effects of tree roots on established 
closely-clipped Kentucky bluegrass turf. 
When a tree is planted in the landscape, frequently the 
size of the prepared hole is minimal and adjacent established 
sod is undisturbed. Holes are often dug commercially using 
a tractor-mounted auger l6 to 20 inches in diameter which 
allows for little disruption of adjacent turf. Another 
customary practice by homeowners and nurserymen is to dis­
turb established turf as little as possible when hand digging. 
Numerous references note the effect of weeds or grass 
on top growth of newly planted forest trees. However, no 
data were found citing specific effects on tree root develop­
ment. Further, no references were noted where weeds or grass 
were clipped in any fashion except by grazing livestock. 
What is the competitive effect of established closely-
clipped Kentucky bluegrass turf on root development of a 
newly planted tree? If the grass has been frequently and 
severely pruned is its competitive ability much less than 
undipped weeds or grass as reported in the literature? 
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MATERIALS AND METHODS 
Establishment 
The experiment was conducted in the horticulture 
Department Greenhouse, Iowa State University. The connecting 
pot technique was used with three tree species; Quercus 
palustris. pin oak ; Gleditsia triacanthos, honeylocust; and 
Acer saccharinum, silver or soft maple. Pin oak and silver 
maple are knovm strong competitors with grass, particularly 
with turf species used on golf greens or tees. On the other 
hand, honeylocust is noted for lack of competitive influence 
on turf. All trees were 3 years old. 
Light intensity was measured intermittently using a 
Weston Illumination Meter, Model 75^ at selected locations 
(Table 1). 
The media used in all pots was a 7-3-2 by volume mix 
(loam-Canadian sphagnum peat-sand) with a physical analysis 
of 62.fo sand, l6% silt, 15>S clay, and 7% organic matter. An 
Iowa State University soil test report revealed a high level 
of phosphorus, low levels of nitrogen and potassium and • 
pH 7.3' Additional potassium v/as incorporated in the soil 
mix before potting to provide a high level. Ko nitrogen was 
added until January 20, 1967, when urea-formaldehyde was 
applied to all small pots at the rate of 3 pound.s nitrogen 
per 1000 square feet. A repeat application was made on 
60 
Table 1. Mean light intensity of 10 samples taken at 
12:00 noon on various days. 
Date Condition Tree Tops Pot Surface 
December 29, 1966 Sunny 1250 910 
January 13, 196? Heavy overcast 670 656 
January 25, 196? Sunny 2986 1369 
February 25, 196? Bright overcast 2900 2087 
March 27, 196? Sunny 6000 1602 
April 10, 1967 Heavy overcast 609 571 
May 2, I967 Sunny 96OD 5150 
May 10, 1967 Bright overcast 2029 1289 
March 21, I967. All pots were watered 
Treatments 
as needed. 
Treatments consisted of the following: (1) two pots 
with one root from each of 3 trees of the same species, 
(2) two pots with one root from each of 2 trees, (3) two 
pots with one root from 1 tree, and (4) one pot with no tree 
roots (Figure 2). This provided a measure of both tree root 
and grass response with and without the other. 
One pot from each pair, selected at random, and the pot 
with no tree roots was seeded with common Kentucky bluegrass 
at the rate of 1 pound per 1000 square feet. This seeding 
rate was selected on the basis of work by Madison (215) who 
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showed it near optimum for this grass. Eased on figures 
given by Kusser (239) Kentucky bluegrass has about 2 million 
seeds per pound. From this, it was calculated that the 30 
square inches of soil surface of the pot should receive about 
4l8 seeds to have equivalent of 1 pound of seed per 1000 
square feet. Approximately ^18 ± 15 seeds were scattered 
over the soil surface and covered with 30 grams of soil mix. 
The seed used had a purity of 95 percent and germination of 
75 percent. Adjusting for purity and germination, the 
seeding rate gave approximately 300 pure live seeds per pot. 
The soil surface of all second pots remained bare. Seed was 
planted December 10, I966. At the same time the tree roots 
were inserted in the base of the pots. Grass seed germina­
tion was complete in about 30 days. None of the trees began 
growth until about February 5» 196?. By this time, the 
Kentucky bluegrass was growing well, providing the desired 
establishment sequence. 
Methods of Observation 
Beginning February 11, I967, the grass was clipped every 
week at a 1 1/2 inch height. In order to provide accuracy 
in clipping, a guide was used (Figure 8). Clippings were 
dried in a forced air oven at ?0 degrees C. and dry weights 
recorded, 
After the final harvest on May 12, I967, the connecting 
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m 
Figure 8. Method of clipping bluegrass 
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tree roots v/ere severed where they entered the small pots. 
The soil-root mass was removed from the pot, soaked in water, 
and agitated until the root systems of trees and grass could 
be separated. Grass roots and stems were separated and 
further washed to remove remaining peat moss. All plant 
parts v/ere dried, and weighed as a measure of development 
and response to competition. No foliar growth measurements 
were made on any of the tree species. This was based on 
Richardson's observation (273) that first year growth in 
height of newly planted trees is made largely at the expense 
of food stored during the preceding year and, therefore, 
cannot be used as an index of the excellence of the growing 
conditions. Grass response was evaluated by weekly clipping 
yields, sod yields, root yields, root-to-sod ratios and 
counts of established plants per pot. 
The experimental design used was a completely randomi%ed 
design with 6 replications. This was done to facilitate 
analysis where unequal replications were expected because of 
low tree root survival. Differences in results (described 
in this paper were significant at the level or higher, The 
"F" test as described by Snedecor (300) was used to determine 
significance of treatment effects in the analysis of variance. 
A modified Duncan's Multiple Range Test was used to test 
significance between treatment means with unequal replications 
as described by Kramer (182). 
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RESULTS AND DISCUSSION 
When all pots were harvested, the following adjustments 
in numbers of replications were noted: 
Control 
Treatment 1 (no tree roots per pot)—13 replications 
Pin oak 
Treatment 2 (1 tree root per pot)—2 replications 
Treatment 3 (2 tree roots per pot)--2 replications 
Treatment 4 (3 tree roots-per pot)—1 replication 
Honeylocust 
Treatment 2 (1 tree root per pot)—6 replications 
Treatment 3 (2 tree roots per pot)—7 replications 
Treatment 4 (3 tree roots per pot)—2 replications 
Silver maple 
Treatment 2 (1 tree root per pot)—6 replications 
Treatment 3 (2 tree.roots per pot)—? replications 
Treatment 4 (3 tree roots per pot)--2 replications 
Pin oak results and treatment 4 were not included in the final 
analysis. 
Growth Response of Grass 
In general, grass foliage yields paralleled increased 
greenhouse temperatures and increased light intensity up to 
the final 2 weeks of the experiment (Table 2). At that time, 
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Table 2. Mean dry weight foliage yields in grams of Kentucky 
bluegrass. Clippings were taken weekly February 11 
to May 11, 196? 
Treatment Weeks 
1 2 3 4 5 
1. No tree roots O. 1 9 &  0.27 0 . 3 0  0 . 3 8  0.39 
2. Honeylocust 1 root 0.23% 0 . 2 8  0 . 3 0  0.35 0.42 
3 .  Honeylocust 2 roots 0 . 2 0 c  0 . 2 6  0.24 0 . 2 7  0.33 
4. Silver maple 1 root 0 . 2 0 %  0 . 2 1  0.25 0 . 2 9  0.35 
5. Silver maple 2 roots 0.14c 0.23 0.24 0 . 3 1  0 . 3 2  
6 7 8  9  10 11 12 13 14 
0 . 3 0  0.33 0.45 0 . 5 3  0.52 0.46 0.53 0.35 0 . 3 2  
0 . 2 7  0 . 2 6  0.40 0.51 0. 51 0.46 0.52 0.34 0.28 
0 . 2 5  0 . 2 9  0 . 3 5  0 . 4 4  0 . 4 3  0 . 3 8  0.46 0 . 3 0  0.25 
0 . 2 5  0 . 2 7  0.41 0.51 0.47 0.43 0.40 0 . 2 7  0.23 
0 . 2 6  0 . 2 3  0 . 3 8  0 . 5 4  0 . 5 6  0 . 4 5  0.45 0.31 0.23 
^Mean of 13 replications. 
^Mean of 6 replications. 
^Mean of ? replications. 
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greenhouse clay temperatures were reaching 95 to 105 degrees 
F. and were probably responsible for limiting growth. This 
is seen more clearly in the graphic presentation of the data 
(Figure 9). An analysis of variance revealed significant 
differences between foliage yields for weeks 3, 4, 5, 7, 8, 
and 12 (Table 3)' A modified Duncan's Multiple Range Test 
of treatment means disclosed significant differences between: 
treatment 1 and treatment 3 for weeks 3. and 8; treatment 
1 and treatment 5 for weeks 7, and 8 ; treatment 1 and 
treatment 4'- for weeks 4 and 12; treatment 2 and treatment 3 
for weeks 3 and 4; treatment 2 and treatment 5 for week 5; 
and treatment 2 and treatment 4 for week 12 (Table 4). 
Presence of tree roots, in some way, influenced grass growth 
although it is not consistent throughout the duration of the 
experiment. Environmental conditions may have been at least 
partially responsible for the inconsistent results. From 
temperature data taken with a recording thermograph and 
laboratory thermometers placed in various pots, air tempera­
tures ranged from 56 to 78 degrees F. until late March when 
light intensities greatly increased causing greenhouse air 
temperatures to reach 100 degrees F. frequently. Soil 
temperatures began about 60 degrees F. then gradually in­
creased to about 70 degrees F. at the end of the experiment. 
Light was probably a limiting factor during the first 
half of the experiment. Although continuous light measurements 
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Figure 9. Foliage yields of Kentucky bluegrass. Clippings 
were taken weekly February 11 to May 11, 19c>7 
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Table 3. Analysis of variance of dry weight foliage yields 
of Kentucky blnegrass. Clippings were taken weekly 
February 11 to May 11, 196? 
Source of variation d f S S M S F value 
Week #1 
Treatments 
Error 
Total 
4  0 . 0 3  0 . 0 0 7 5  0 . 1 8  
34 1.41 0.0415 
38 1.44 
-a 
Week êZ 
Treatments 
Error 
Total 
34 0.10 
38 0.12 
0.02 0.0050 1.7 NS 
0.0029 
Week #3 
Treatments 
Error 
Total 
4 0.04 0 . 0 1 0 0  3 . 3 *  
3 4  0 . 1 1  0 . 0 0 3 0  
38 0.15 
Week #4 
Treatments 
Error 
Total 
4 0 . 0 4  0 . 0 1 0 0  3 . 0 *  
34 
38 
0.12 0.0035 
0 . 1 6  
^Denotes no significant differences, 
* Denotes significant differences at 5 percent level. 
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Table 3 (Continued) 
Source of variation d f S S M S F value 
Week #5 
Treatments 
Error 
Total 
Week #6 
Treatments 
Error 
Total 
Week #7 
Treatments 
Error 
Total 
Week #8 
Treatments 
Error 
Total 
Week #9 
Treatments 
Error 
Total 
4 
3k 
38 
4 
34 
38 
34 
38 
4 
34 
38 
4 
34 
38 
0 . 0 6  
0 . 1 6  
0.24 
0.05 
0.14 
0.19 
0.05 
0 . 2 0  
0 . 2 5  
0 . 0 1 5 0  
0 . 0 0 5 3  
0 . 0 2 5  0 . 0 0 6 3  
0 . 1 3 8  0 . 0 0 4 0  
0 . 1 6 3  
0.055 0.0140 
0 . 1 4 5  0 . 0 0 4 3  
0 . 2 0 0  
0 . 0 1 2 5  
0.0041 
0 . 0 1 2 5  
0 . 0 0 5 9  
2 . 8 3 *  
1 . 5 8  
3.26* 
3 . 0 5  i!-
2.12 
MS 
MS 
Table 3 (Continued) 
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Source of variation d f S S M S F value 
Week #10 
Treatments 
Error 
Total 
Week #11 
Treatments 
Error 
Total 
Week #12 
Treatments 
Error 
Total 
Week #13 
Treatments 
Error 
Total 
Week #14 
Treatments 
Error 
Total 
4 0.07 0.0175 1.52 KS 
34 0.39 0.0115 
38 0.46 
4 0.04 
34 0.18 
38 0 . 2 2  
0.0100 1 .89 
0.0053 
NS 
4 0.08 0.0200 2.86* 
34 0.24 0.0070 
38 0 .32  
4 0 . 0 2 5  0 . 0 0 6 3  1 . 5 0  NS 
34 0.142 0.0052 
3 8  0 . 1 6 7  
4 D. 0 5  0 . 0 1 2 5  2 . 3 6  NS 
3 4  0 . 1 8  0 . 0 0 6 3  
3 8  0 . 2 3  
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Table 4. Modified Duncan's Multiple Range Test of treatment 
means of dry weight foliage yields of Kentucky 
bluegrass^ 
Treatments^ 1 2 4 5 3 
Week #3 0.30 0.30 0.25 0.25 0.24 
Treatments 12 5^3 
Week #4 0.38 0.35 0.3I O. 3 9  O. 3 7  
Treatments 2 14 3 5 
Week #5 0.42 0.39 0.35 0.33 0.32 
Treatments 13 4 2 5 
Week #7 0.33 0.29 0.27 0.26 0.23 
Treatments 14 2 5 3 
Week • 0.45 0.41 0.40 O.38 O.35 
Treatments 1 2 3 5 4 
Week #12 0.53 0.52 0.46 0.46 0.40 
®-All means not connected by the same line are significantly 
different, 
^1 = Ko tree roots 
2 = Honeylocust 1 root 
3 = Honeylocust 2 roots 
4 " Silver maple 1 root 
5 = Silver maple 2 roots. 
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were not taken, heavy overcast- conditions greatly reduced 
light on many days (Table 1). These conditions would 
probably tend to reduce treatment differences, preventing 
either plant from expressing its maximum effect on the other, 
Mean grass sod and root dry weights, root/sod ratios 
and counts of established plants per pot at termination of 
the experiment followed no consistent pattern (Table 5)« 
Analyses of variance revealed no significant differences 
(Table 6). 
These results are probably due to the rapid establish­
ment of the bluegrass prior to tree root growth. Grass roots 
were noted in drain holes of pots 6 weeks after seeding. 
Tree roots, on the other hand, did not begin growth until 
after shoots emerged. This was determined from periodically 
sampling and observing roots of 5 trees, 3 silver maple and 
2 honeylocust, not included in the experimental set-up, but 
handled identically. This observation is in agreement with 
Romberger (281) who states that with Acer saccharinum seed­
lings, root growth is quickly inhibited by severe curtailment 
of photosynthesis. Either defoliation or decapitation of 
the main stem is followed by complete cessation of root 
growth. He further reported that when now leaves develop 
on defoliated plants, new roots appear which grow at a rate 
uninfluenced by shoot temperature and light intensity (27^-, 
2751 276). Richardson (277) found in Acer saccharinum 
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Table 5- Wean dry weight sod and root yields in grams, 
root/sod ratios and established plants per pot 
of Kentucky bluegrass 
Treatment 
Ratio Plants/P 
1. No tree roots 3.43a 1 . 61 0.50 354 
2. Honeylocust 1 root 3.31% 1.45 0.45 356 
3. Honeylocust 2 roots 2.89c 0.77 0.27 375 
4. Silver maple 1 root 3.41% 1.21 0.40 338 
5. Silver maple 2 roots 
c
 O
N 0
 1.77 0.44 
^•Ivlean of 13 replications. 
^Mean of 6 replications, 
c^ean of 7 replications. 
Table 6. Analysis of variance of dry weight sod and root 
yields, root/sod ratios and established plants per 
pot of Kentucky bluegrass 
Source of variation d f S S M S i'' value 
Sod 
Treatments 4 3 . 2 2  0 . 8 1 0  0,79 . NSa 
Error 34 3 4 . 7 0  1 . 0 2 0  
Total 3 8  3 7 . 9 2  
^•Denotes no significance. 
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Table 6 (Continued 
Source of variation a 1 S S F value 
Roots 
Treatments 
Error 
Total 
Root/Sod Ratio 
Treatments 
Error 
Total 
Established Plants/Pot 
Treatments 
Error 
Total 
4 1.91 
34 14.24 
38 16.15 
4 
34 
38 
0.33 
0.97 
1.30 
0 . 4 7 8  
0.419 
0 . 0 8 3  
0 . 2 8 5  
4 3,176 794 
34 291,649 8,578 
3 8  2 9 4 , 8 2 5  
1.14 
0 . 2 9  
0 . 0 9  
NS 
NS 
NS 
seedlings, root growth is inhibited after autumn leaf fall 
and remains so until the chilling requirement of the buds 
has been satisfied. 
No specific examples were found showing honeylocust root 
growth dependent on shoot growth. However, it has been shown 
that with other leguminous trees. Acacia melanoxylon (47) 
and Robinia psoudoacacia (293) thiamin, pyridoxine, and 
75 
nicotinic acid are required for growth of isolated roots. 
That these substances are also required by honeylocust and 
are supplied exclusively by some portion of the shoot system 
is not knovm. However, such evidence parallels the observed 
root growth of honeylocust in this experiment. 
Growth Response of Tree Roots 
Mean dry weights of silver maple and honeylocust roots 
exhibited a striking contrast (Figure 10). Analysis of 
variance revealed a highly significant difference between 
treatments for silver maple but no significant differences 
for honeylocust (Table 7), A modified Duncan's Multiple Range 
Test further revealed that development of one silver maple 
root was significantly reduced by Kentucky bluegrass and 
about the same extent if an additional silver maple root was 
inserted in a container devoid of grass. A single tree root 
was further significantly reduced if both bluegrass and an 
additional silver maple root were present in the same container 
(Table 8), 
. These results agree with Richardson (273) who noted-the 
i 
presence of ryegrass (Lolium perenne L.) depressed root 
growth of Acer pseudoplatanus transplants growing in a root 
observation chamber. It is unfortunate that he failed to 
mention if the ryegrass was clipped or allowed to grow to its 
mature heighth. Such pruning could greatly influence the 
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HirérMapr. 
<5% 
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I -I 2 
1 -On* Root S-Ora## + One Root 
2— Two Roots 4- Or### + Two Roots 
Figure 10. Mean root yields of trees 
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Table 7. Analysis of variance of dry A weight tree root yields 
Source of variation d f S S M S F value 
Silver maple 
Treatments 3 66.54 22.18 5.54** 
Error 37 148.12 4.00 
Total 40 214.66 
Honeylocust 
Treatments 3 0.18 0 . 0 6  0 . 0 3  NSa 
Error 31 64.58 2.08 
Total 34 64. 7 6  
^Denotes no significant differences. 
Denotes significant differences at Ifo level. 
Table 8. Modified Duncan's Multiple Range Test of treatment 
means of silver maple dry weight root yields 
1 Tree Root 2 Tree Roots Grass + 1 Grass + 2 
Tree Root Tree Roots 
5.78 3.42 2.90 1 .66  
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competitive ability of the grass. Harris' (151) working with 
Magnolia grandiflora and Zelkova serrata growing in alta 
fescue (Festuca arundinacea), maintained as turf at varying 
distances from the tree base, found trunk circumference and 
tree height greatly depressed by the grass. 
Under prairie conditions, the mortality of tree seedlings 
decreased and growth and development increased as grass com­
petition was progressively decreased (8^-1-). Grasses had a 
sharply retarding effect upon the extent of tree root systems. 
The aerial portions of young fruit trees were greatly reduced 
in grass plots, extension and activity of superficial roots 
of trees planted in grass were severely reduced, but develop­
ment and activity of deeper roots was unaffected (158). 
Root growth of a single root of silver maple was reduced 
about the same extent by Kentucky bluegrass as it was by an 
additional tree root being inserted in a container devoid 
of bluegrass. 
The location of roots of both tree species in the con­
tainer probably influenced the results. Silver maple roots 
grew upward from the point of insertion in the base of con­
tainers and concentrated in the upper one-third of the soil 
(Figure 11). These roots were attempting to grow in the zone 
of greatest established grass roots (Figure 12). On the 
other hand, honeylocust roots did not grow toward the soil 
surface, but rather remained in the base of the container 
6=-
Figure 11. Distribution of silver maple roots in container. 
Note: root inserted into pot at lower right and 
mass of roots grew up 
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Figure 12. Grass-silver maple root relationships. Note: 
grass roots are white, maple roots are red-
orange 
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and were noted to be poorly branched in comparison with 
field-grown trees (Figure 13)• Since honeylocust roots were 
only in the bottom of the container and bluegrass roots were 
concentrated primarily near the soil surface, spacial 
separation may have prevented bluegrass from expressing any 
significant effects on honeylocust root development. The 
reason for the location of honeylocust roots is not clear, 
but might be explained in several ways. Howard (158) working 
with young fruit trees noted development and activity of 
deeper roots were unaffected by grass. It seems possible 
these were deep roots, Clements, Weaver, and Hansen (84) 
included honeylocust in field studies and found it equally 
affected by grass as compared to other species and that it 
produced both a superficial and a deep root system, 
Another possible explanation for honeylocust root growth 
can be found in moisture and aeration conditions in the con­
tainer, The soil mix used was heavy and possibly poorly 
aerated in portions of the container. However, both the soil 
surface and a thin layer at the base of the container would 
be better aerated because of increased evaporation and 
gaseous exchange. Containers used had 4 drain holes each 
1/2 inch in diameter equally spaced at the bottom. A zone 
at the base of the container with less moisture than the soil 
10. to 20 centimeters above has been reported by Luthin and 
Miller (206). White and Mastalerz (342) reported moisture 
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Figure 13• Distribution of honeylocust roots in bottom of 
container. Mote: root inserted into container 
at left and mass of roots developed on a plane 
at the bottom of the container 
content varied in the media from the surface to the bottom 
of the container, even with very homogeneous media. Eastoe 
and Pollard (110) note that the extent to which soil is 
aerated is directly determined by the permeability of the 
pot. It seems possible that between the lower moisture con­
tent and increased aeration at the base of the container 
related to the positioning of drain holes, honeylocust roots 
grew in that zone but did not move upward because of poor 
soil aeration and high moisture content. That root res­
ponses of honeylocust and silver maple could be quite dif­
ferent is supported by Leyton and Rousseau (I96) who state 
that oxygen requirements are different from species to 
species. 
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PART II. TURF AND TREE ROOTS ESTABLISHED SIMULTANEOUSLY 
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PURPOSE OF STUDY 
After completion of the previous experiment, it v/as 
apparent that the timing of establishment could be an impor­
tant factor in determining tree-turf relationships in the 
landscape. This led to the hypothesis that if the two 
plants in question, seeded turfgrass and newly planted trees, 
were allowed to establish in the same volume of soil 
simultaneously, the competitive ability of each could be 
determined without one plant having the advantage of prior 
establishment. 
Such conditions exist in landscape situations when trees 
and seeded Kentucky bluegrass are planted at the same time. 
This is frequently the situation when all vegetation is 
removed from a building site to facilitate construction. All 
selected landscape species are then planted simultaneously. 
Another practical application of this study concerns 
landscape situations where 4- to 6 inches of soil is tilled 
to destroy tree roots and prepare a seedbed for the grass. 
Under these conditions, tree roots and grass would be . 
entering this soil zone at about the same time. 
The objectives of this experiment were to determine the 
effects of simultaneous turf and tree root establishment on 
each other under simulated landscape conditions. 
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MATERIALS AKD METHODS 
Establishment 
The experiment was conducted in an air conditioned 
greenhouse at the Ornamental Horticulture Department 
Research Facility, University of Florida, Gainesville, 
Florida (Figure 14). This greenhouse was selected to enable 
greater temperature control under Florida conditions. Soil 
and air temperatures in a zone 24 to 30 inches above the 
floor were maintained at 70 to 72 degrees F. by refrigera­
tion units. Above the side benches, however, air tempera­
tures were subject to great extremes on clear sunny days, 
frequently reaching II5 degrees F. 
The connecting pot technique was used with Gleditsia 
triacanthos, honeylocust, and Acer saccharinurn, silver maple. 
Trees were planted February 5i 1968. Pin oak, Quercus 
palustris. was not used because of previous poor response. 
Light' intensity was measured intermittently during the 
experiment both at tops of trees and surface of shaded blue-
grass with an I3C0 Model S.R. spectroradiometer. Pruning 
practices allowed light to penetrate beneath tree canopy 
when sun 'was at low angles. Minimum light intensity at grass 
surface was about 2,000 foot candles when the sun was 
directly overhead (Figure 15). Sunflecks were avoided during 
measurement although many occurred increasing total incident 
8? 
mag 
Figure 14. Air conditioned greenhouse in which root com 
petition experiments were conducted 
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Figure 15. Mean light quantity at tree tops and grass surface. 
Readings taken August 2, ?, 9» and 17, 1968 
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light at most points. 
The media used in all pots was a 1-1 by volume mix, 
Canadian sphagnum peat and Aerrodanda fine sand (native soil 
near Gainesville, Florida) v/ith a calculated physical 
analysis of k-Q'% sand and ^2;^ organic matter. A chemical 
analysis revealed a low level of nitrogen, phosphorus, 
potassium, calcium, and magnesium and pH Dolomite was 
added at the rate of 5 pounds per cubic yard of soil mix. 
This raised the pH to 6.1 and provided suitable quantities 
of calcium and magnesium. Phosphorus levels were raised to 
near optimum by adding superphosphate at the rate of 2 1/2 
pounds per cubic yard of soil mix. Potassium was added as 
potassium sulfate in two applications of 12 grams each per 
container during the experiment. These rates follow current 
recommendations of the Department of Ornamental Horticulture, 
University of Florida. Nitrogen was added March 5> 1968, 
when ureaformaldehyde was applied to all small pots at the 
rate of 3 pounds nitrogen per 1000 square feet. A repeat 
application was made May 10, 1968, one week before weekly 
grass clipping began. All pots were watered as needed. ' 
Treatments 
Treatments and bluegrass seeding rates were the same as 
in Part I with the exception that tree roots were inserted 
through" the side of the container about mid-way between 
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surface and bottom rather than at the bottom (Figure l6). 
This was done to determine if honeylocust roots in Part I 
were truly deep roots or were confined to the base of the 
container because of some physical property of the growing 
media such as aeration. 
Methods of Observation 
All trees had begun growth by March 1, I968. Therefore, 
grass was seeded on that date to allow both root systems to 
infiltrate the soil mass simultaneously. Grass seed germi­
nation was complete in about 30 days. Beginning May 17, I968, 
the grass v;as clipped every week at a 1 1/2 inch heighth. 
Clippings were dried in a forced air oven at 70 degrees C. 
and dry weights recorded. Other observations were identical 
to Part I, 
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Figure l6. Root located in center of container 
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RESULTS AND DISCUSSION 
When all pots were harvested, the following adjustments 
in numbers of replications were noted : 
Control 
Treatment 1 (no tree roots per pot)--15 replications 
Honeylocust 
Treatment 2 (1 tree root per pot)—8 replications 
Treatment 3 (2 tree roots per pot)—9 replications 
Treatment 4 (3 tree roots per pot)--l replication 
Silver maple 
Treatment 2 (1 tree root per pot)—5 replications 
Treatment 3 (2 tree roots per pot)—8 replications 
Treatment 4 (3 tree roots per pot)--2 replications 
Treatment 4 was not included in the final analysis. 
Growth Response of Grass 
Bluegrass foliage yields gave a marked response to 
nitrogen fertilization on all treatments, but yields increased 
more rapidly where no tree roots were present (Table 9). 
This is seen more clearly in the graphic presentation of the 
data (Figure 17). An analysis of variance revealed signif­
icant differences between foliage yields for all weeks 
except nember 6 (Table 10). A modified Duncan's Multiple 
Range Test of treatment means showed significant differences 
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Table 9. Mean dry weight foliage yields in grams of 
Kentucky bluegrass. Clippings were taken weekly 
May 17 to July 18, I968 
Treatment 
1 2 3 4  5 
1. No tree roots 0.46& 0.75 0 . 9 6  0 . 7 2  0 . 5 8  
2 .  Honeylocust 1 root 0.23b 0.40 0 . 5 6  0.44 0.40 
3. Honeylocust 2 roots O.23C 0.41 0.59 0.42 0.42 
4. Silver maple 1 root 0.19^ 0 . 3 6  0 . 5 6  0.44 0.46 
5. Silver maple 2 roots 0.21b 0
 
w
 
CO
 
0 . 5 6  0.46 0.40 
6  7 8  9 10 
0.56 0 . 5 8  0.53 0 . 5 1  0 . 3 5  
0.44 0.44 0. Iw 0.44 0 . 3 4  
0.42 0.37 0.42 0.37 0 . 3 4  
0.40 0.46 0.40 0.40 0.24 
0.39 0 . 5 1  0
 
! 1 
°
 
0.39 0 . 2 6  
^Viean of 15 replications. 
^Mean of 8 replications. 
^Mean of 9 replications. 
^Mean of 5 replications. 
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Figure 1?. Foliage yields of Kentucky bluegrass. Note: 
nitrogen fertilizer date applied 1 week prior 
to first clipping 
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Table 10. Analysis of variance of dry weight foliage yields 
of Kentucky bluegrass. Clippings were taken weekly 
May 17 to July 18, I968 
Source of variation d f S S l'.i S F value 
Week ifl 
Treatments 
Error 
Total 
4 
41 
45 
0 . 6 0  
1 . 8 6  
2.46 
0.150 
0.047 
3.23* 
Week #2 
Treatments 
Error 
Total 
4 
41 
45 
1.27 
1.96 
3.23 
0.320 
0.049 
6.53** 
Week #3 
Treatments 
Error 
Total 
4 
41 
45 
1.52 
0 . 8 8  
2.40 
0 . 3 8 0  
0 . 0 2 2  
17.27** 
Week //4 
Treatments 
Error 
Total 
4 
41 
45 
0.79 
0 . 6 5  
1. ^i4 
0 . 1 9 8  
0 . 0 1 6  
1 2 . 3 8 * *  
Denotes significant differences at 5 percent level. 
Denotes significant differences at 1 percent level. 
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Table 10 (Continued) 
Source of variation d f S S l-'i S F value 
Week #5 
Treatments 4 0.27 0.068 4.00** 
Error 4l 0.68 0.017 
Total 45 0.95 
Week #6 
Treatments 4 0.:% 0.053 2.21 KS^ 
Error la 0.95 0.024 
Total 45 1.16 
Week #7 
Treatments 4 0.28 0.070 3.78* 
Error 4l 0.74 O.OI9 
Total 45 1.02 
Week #8 
Treatments 4 0.l4 0.035 2.69* 
Error 41 O.53 O.OI3 
Total 45 0,67 
^Denotes no significant differences» 
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Table 10 (Continued) 
Source of variation ^_f S S M_S F value 
Week n9 
Treatments 
Error 
Total 
Week #10 
Treatments 
Error 
Total 
between treatment 1 (no tree roots) and all others for weeks 
1, 2, 3» and 8 and between treatment 1 and treatments 2, 
3, and 5 for week 5; treatments 2 and 3 for week ?; treat­
ments 3 and 5 for week 9 ; and treatments 4 and 5 for week 
10 (Table 11), The bluegrass foliage yields (without tree 
root competition) was similar to that reported for similar 
rates of ureaformaldehyde fertilizer on common Kentucky 
bluegrass (298). However, where tree roots were competing 
with the grass, response to nitrogen fertilization was less 
than anticipated. This response was probably related both 
to direct root competition from trees and indirectly from 
reduced uptake of all nutrients by the limited grass root 
4 
41 
45 
0,13 
0.42 
0.55 
0.033 
0.011 
3.10* 
4 
41 
45 
0 . 0 9  
0.30 
0.39 
0.023 
0 . 0 0 8  
3.00# 
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Table 11. Modified Duncan's Multiple Range Test of treatment 
means of dry weight foliage yields of Kentucky 
bluegrass^ 
Treatments^ 12 3 5^ 
Week ffl 0.46 0.23 0.23 0.21 0.19 
Treatments 1 3 2 5 4 
Week //2 0.75 0.41 0.40 0.38 0.36 
Treatments 1 3 2 4 5 
Week 7^'3 0.96 0.59 0.66 0.56 0.56 
Treatments 15 2 4 3 
Week #4 0.72 0.46 0.44 0.44 0.42 
Treatments 1 4 3 2 5 
Week #5 0.58 0.46 0.42 0.40 0.40 
Treatments 1 2.3 4 5 
Week //•'6 0.56 0.44 0.42 0.4-0 0.39 
^All means not connected by the same line are significantly 
different. 
^1 = Mo tree roots 
2 = Honeylocust 1 root 
3 = Honeylocust 2 roots 
4 = Silver maple 1 root 
5 = Silver maple 2 roots. 
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Table 11 (Continued) 
Treatments 1 5 4 2 3 
Week #7 0.58 0.51 0.46 0. 4^|. 0.37 
Treatments 1 3 2 4 5 
Week 7/8 0.53 0.42 0.40 0.40 0.40 
Treatments 1 2 4 5 3 
Week #9 0. 51 0.44 0.40 0.39 0.37 
Treatments 1 3 2 5 4 
Week #10 0.35 0.34 0.33 0.26 0.24 
system. Good turf is not necessarily a high yielder of 
foliage above the normal clipping height, however, some 
correlation exists between response of the grass foliage to 
fertilization and overall sod quality. From these data, it 
appears that additional nitrogen is needed for good turf 
foliage growth under conditions of tree root competition. 
Bluegrass sod weights were slightly reduced by tree root 
competition (Figure 18). An analysis of variance revealed a 
significant difference between treatments (Table 12). A 
modified Duncan's Multiple Range Test of treatment means 
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Figure 18. Mean dry weight sod yields of Kentucky bluegra 
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Table 12. Analysis of variance of dry weight sod yields 
of Kentucky bluegrass 
Source of variation d f S S M S F value 
Treatments 4 
1—[ 
1.18 3. 28* 
Error 4l 14.27 0.36 
Total 45 18.98 
Denotes significant differences at 5/^ level. 
showed a significant difference between treatment 1 and 
treatments 2 and 4 (Table 13)• It is not clearly under­
stood why treatments 2 and 4 with one tree root would have 
a greater effect on sod dry weight than treatments 3 and 
5 with two tree roots. It would at first seem that 
antagonisms between tree roots might be responsible. However, 
this does not hold true for grass root yields (see Figure 19) 
which would seemingly give a more accurate indication of 
tree root activity. 
Bluegrass root weights were affected much more by tree 
root competition than were sod weights (Figure 19). Analy­
sis of variance revealed a highly significant difference 
between treatments (Table l4). It was further shovm that 
treatment 1 was significantly different from all others 
(Table 15). Although not significant, silver maple appears 
to have a greater effect than honeylocust. The striking 
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Table 13. Modified Duncan's Multiple Range Test of treatment 
means of dry weight sod yields of Kentucky 
bluegrasss 
Treatments^ 13 5 2 4 
2.61 2.34 2.24 1.99 1.60 
3-All means not connected by the same line are significantly 
different. 
^1 = No tree roots 
2 = Honeylocust 1 root 
3 = Honeylocust 2 roots 
4 = Silver maple 1 root 
5 = Silver maple 2 roots. 
Table 14. Analysis of variance of dry weight root yields 
of Kentucky bluegrass 
Source of variation d f S S s F value 
Treatments 4 102.57 25. 64 16. c|4** 
Error 41 61.80 1. 55 
Total 45 164.80 
** Denotes significant differences at 1 percent level. 
effect of tree roots on turf is further exemplified when the 
root/sod ratio is considered (Figure 20). A highly signifi­
cant difference was shown to exist between treatments 
(Table l6), with treatment 1 being significantly different 
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Figure I9. Mean dry weight root yields of Kentucky bluegrass 
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Table 15» Modified Duncan's Multiple Range Test of treatment 
means of dry weight root yields of Kentucky 
bluegrass®-
Treatments^ 13 2^4 
5.4? 3.06 2.90 1.76 1.72 
&A11 means not connected by the same line are significantly 
different 
^1 = No tree roots 
2 = Honeylocust 1 root 
3 = Honeylocust 2 roots 
4 = Silver maple 1 root 
5 = Silver maple 2 roots. 
Table 16. Analysis of variance of root/sod ratios of 
Kentucky bluegrass. Based on mean dry weight 
of roots and sod 
Source of variation d f S S r/1 s F value 
Treatments 4 11.17 2 . 7 9  8.61** 
Error 41 1 2 . 9 6  0 . 3 2  
Total 45 24.13 
Denotes significant differences at 1 percent level. 
from all others. Also, treatment 2 was significantly dif­
ferent from treatment 5 (Table 17). 
These data suggest why Kentucky bluegrass turf com­
peting with tree roots is difficult to establish and maintain. 
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• 
' ^ 
Figure 20, Mean root/sod ratios of Kentucky bluegrass, 
based on mean dry weight of roots and sod 
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Table 1?. Modified Duncan's Multiple Range Test of treatment 
means of root/sod ratios of bluegrass^ 
Treatments^ 12 3^5 
2.16 1.47 1.34 1.10 0.83 
&A11 means not connected by the same line are significantly 
d ifferent. 
^1 = No tree roots 
2 = Honeylocust 1 root 
3 = Honeylocust 2 roots 
4 = Silver maple 1 root 
5 = Silver maple 2 roots. 
Further, we may assume conditions of this experiment approxi­
mate a landscape situation where tillage of the upper 4 to 6 
inches of soil destroys tree roots in that zone. If, 
following this tillage, common Kentucky bluegrass were 
seeded, similar grass responses might be expected. Therefore, 
destruction of tree roots near the soil surface prior to 
seeding bluegrass is a questionable cultural practice for 
establishing turf and certainly not a desirable practice 
from the standpoint of the health and vigor of the tree.. 
Growth Response of Tree Roots 
Competition from Kentucky bluegrass had no significant 
effects on dry weight root production of honeylocust or 
silver maple trees (Table 18), Apparently both tree species 
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Table 18. Analysis of variance of dry weights of tree roots 
Source of variation d f S S M S F value 
Silver maple 
Treatments 3 22.25 7.42 1. 09 NSI 
Error 46 313.65 6.82 
Total 49 335.90 
Honeylocust 
Treatments 3 236.58 78.86 2. 17 NS 
Error 49 1777.59 36.28 
Total 52 2014.17 
^Denotes no significant differences. 
developed new roots at a pace equal to or greater than 
Kentucky bluegrass and in doing so were not affected by the 
developing grass roots (Table 19). 
Root distribution of silver maple was similar to that 
described in Part I, even though roots were inserted into 
the center of the pot instead of at the base. However,. 
honeylocust root distribution was much different. Unlike 
Part I where they remained at the base of the container, 
honeylocust roots were found distributed throughout the 
container in a manner similar to silver maple (Figure 21). 
This rqot distribution aids in understanding the similar 
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Table 19. Mean dry weights in grams of tree roots 
Treatment Honeylocust Silver maple 
1 root 8.91 6.46 
1 root + grass 
2 roots + grass 
2 roots 
13.03 
12.22 6 . 3 2  
8.18 
8.02 5.77 
effects of the two trees on bluegrass development. Root 
distribution in the more porous media of this experiment 
would also support the suggestion made in Part I that the 
failure of honeylocust roots to grow upwards was related to 
an aeration factor. 
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Figure 21, Distribution of honeylocust roots when inserted 
in center of container 
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PART III. TREE ROOTS ESTABLISHED PRIOR TO SEEDING OP TURF 
Ill 
PURPOSE OF STUDY 
The previous tv/o experiments revealed a strurg sup­
pression of silver maple root development by established 
Kentucky bluegrass turf and a striking effect of silver 
maple and honeylocust roots on Kentucky bluegrass develop­
ment when turf and tree roots were allowed to establish 
simultaneously. Under landscape conditions, however, trees 
are frequently of considerable size and well-rooted when 
an attempt is made to establish turf. Such is often the 
case in rejuvenating an old lavm, changing type of turf or 
where new subdivisions are located in areas of established 
trees. 
The objective of this experiment was to determine the 
effect of established silver maple and honeylocust roots on 
the growth and development of seeded Kentucky bluegrass 
and to determine the effects of Kentucky bluegrass on 
established tree roots. 
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MATERIALS AND METHODS 
Establishment 
The experiment was conducted in an air conditioned 
greenhouse at the Ornamental Horticulture Department 
Research Facility, University of Florida, Gainesville, 
Florida (Figure 14). Air and soil temperature were main­
tained about the same as in Part II, except that air 
temperatures above the benches occasionally reached 120 
degrees F, during early August, I968 .  
The connecting pot technique was used with Gleditsia 
tricanthos, honeylocust, and Acer saccharinum, silver maple. 
Trees were planted February 5, 1968. Light intensity con­
ditions were similar to those reported in Part II. 
Media used in all pots and nutritional adjustments 
were identical to Part II, except for nitrogen. Nitrogen 
was added March 5f 1968, when ureaformaldehyde was applied 
to all small pots at the rate of 3 pounds of nitrogen per 
1000 square feet. Repeat applications were made May 10, and 
August 19, 1968. On September 23, 1968, ureaformaldehyde 
was applied to all small pots at the rate of 1 pound nitro­
gen per 1000 square feet. This provided the equivalent of 
10 pounds of nitrogen per 1000 square feet. This may seem 
excessive when it is considered a good lawn fertilization 
program for Kentucky bluegrass generally includes about 3 to 
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4 pounds of nitrogen per 1000 square feet. However, three 
important factors contributed to justification for the 
higher rate; (1) recovery of nitrogen "by plants from urea-
formaldehyde sources has been shown to be about 73 percent, 
with most in the first 8 weeks following application^. This, 
then, reduces the approximate amount of nitrogen available 
to the plants to a total of 7.3 pounds per 1000 square feet ; 
(2) to encourage tree root development in the desired 
location only the small pots of the experimental complex 
were fertilized. This placed a much greater demand on the 
nitrogen applied than would at first appear; (3) because of 
rapid tree root production in the smaller pots, moisture 
demands were greatly increased making watering twice per 
day necessary during very warm weather in order to avoid 
undesired moisture stress. This high rate of watering 
probably caused a greater loss of nitrogen by leaching than 
would have normally occurred. 
Treatments 
Treatments and bluegrass seeding rates and procedures 
were identical to Part I, including the insertion of tree . 
roots into the bottom of the container. This was done 
purposely to further study tree root development, particularly 
^Hercules Technical Information Bulletin A1~109A. 
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distribution of honeylocust roots in the more porous media 
as opposed to the heavier media in Part I. 
Methods of Observation 
All trees had begun growth by March 1, I968 .  All tree 
roots were allowed to develop free of grass root competition 
for 4 1/2 months, until July 18, I968, At that time common 
Kentucky bluegrass was seeded to the soil surface of ran­
domly selected pots. Grass seed germination was complete 
in about 30 days. Counts of established plants per pot were 
taken 34 days after seeding and again at termination of the 
experiment. Beginning August 26 and continuing through 
October 29, 1968, the grass was clipped every week at a 
11/2 inch height. 
At the termination of the experiment, measurements were 
made to determine the depth of grass roots in the containers. 
This was done by carefully washing the inverted soil mass 
removed from the pot and measuring the distance from the 
first grass root to the original soil surface. Other obser­
vations were identical to Part I. 
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RESULTS AND DISCUSSION 
V/hen all pots were harvested, the following adjustments 
in numbers of replications were noted; 
Control 
Treatment 1 (no tree roots per pot)—12 replications 
Honeylocust 
Treatment 2 (1 tree root per pot)—9 replications 
Treatment 3(2 tree roots per pot)—9 replications 
Treatment 4 (3 tree roots per pot)—0 replications 
Silver maple 
Treatment 2 (1 tree root per pot)—6 replications 
Treatment 3 (2 tree roots per pot)—11 replications 
Treatment 4 (3 tree roots per pot)—1 replication 
Treatment 4 was not included in the final analysis. 
Growth Response of Grass 
Bluegrass foliage yields gave a marked decrease where 
tree roots were present (Table 20). A graphic presentation 
of the data shows this decreased growth more clearly 
(Figure 22), An analysis of variance revealed a signifi­
cant difference between foliage yields for all weeks (Table 
21). A modified Duncan's Multiple Range Test of treatment 
means showed significant differences between: treatment 1 
and all others for weeks 1, 3» 5» 6, 7» 8, and 9; between 
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Table 20. Mean dry weight foliage yields in grams of 
Kentucky bluegrass. Clippings were taken weekly 
August 26 to October 29, I968 
Treatment 
1 2  3 4 5 
1.  No tree roots 0.22& 0.46 0 .28  0 .38  0 .16  
2 .  Honeylocust 1 root 0.12% 0 .36  0 .20  0 .28  0.11  
3i Honeylocust 2 roots 0.08% 0 .2?  0 .21  0 .26  0 .10  
4. Silver maple 1 root O.lic 0.25 0.18  0 .25  0 .08  
5. Silver maple 2 roots o.iod . 0.27 0.17  0.25 0.08  
6  7 8 9 10 
0.43 0.35 0.29 0.32  0.28 
0.27 0.16  0.18 0 .22  0 .16  
0.24 0.13  0 .17  0 .19  0.14 
0.20 0.15  0 .18  0.18 0.22 
0.18 0.11 0.14 0.14 0.16  
^Mean of 12 replications. 
^Mean of 9 replications, 
CMean of 6 replications, 
%ean of 11 replications. 
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—1— TWO Tre« Roots 
HonoylocuBt 1 Hoot 
^onaylocust 2 Roots 
Mapio 1 Root 
Mapl* 2 Root* 
1 I «i» 
» 
Figure 22. Mean foliage yields of Kentucky bluegrass. 
Note; nitrogen fertilizer applied 1 week prior 
to first clipping date and during week 5 
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Table 21, Analysis of variance of dry weight foliage yields 
of Kentucky bluegrass, clippings were taken 
weekly August 26 to October 29, 1968 
Source of variation d f S S M S F value 
Week #1 
Treatments 4 0.12 0.0305 3.51* 
Error 42 0.37 0.008? 
Total 46 0,49 
Week #2 
Treatments 4 Ô. 32  O.O8OO 5.59** 
Error 42 0,60 0.0143 
Total 46 0.92  
Week #3 
Treatments 4 ' O.O83 0.0208 7.43** 
Error 42 0.117 0.0028 
Total 46 0.200 
Week #4 
Treatments 4 0.148 0.0370 8.81** 
Error 42 0.177 0,0042 
Total 46 0.325  
* Denotes significant differences at 5 percent level, 
** Denotes significant differences at 1 percent level. 
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Table 21 (Continued) 
Source of variation d f S S M S F value 
Week #5 
Treatments 4 0,04? 0.011? 3,66* 
Error 42 0.134 0.0032 
Total 46 0.181 
Week #6 
Treatments 4 0.439 O. IO98 15.04** 
Error 42 O.305  0.0073 
Total 46 0.744 
Week //? 
Treatments 4 0.429 0.1073 33.10** 
Error 42 O. I36  O.OO32 
Total 46 0.565  
Week #8 
Treatments 4 0.I6I  0.0403 8.57** 
Error 42 O. I98  0.004? 
Total 46 0.359  
Week #9 
Treatments 4 0.205 0.0510  11.09** 
Error 42 0.195 0.0046 
Total 46 0.400 
120 
Table 21 (Continued) 
Source of variation d f S S M S F value 
Week #10 
Treatments 
Total 
Error 
4 0 .129  0 .0320  6 .81**  
42 0.199 0.004? 
46 0.328  
treatment 1 and treatments 3» 4, and 5 for week 2; between 
treatment 1 and treatments 2, 3» and 5 for week 10; and be­
tween treatment 2 and treatment 5 for weeks 6 and 9 (Table 
22). Bluegrass foliage yields were significantly higher 
where no tree roots existed as compared to all tree root 
combinations with the exception of 1 honeylocus't root for 
weeks 6 and 9. Response of the bluegrass to nitrogen 
fertilization is shown graphically (Figure 22). When 
nitrogen was applied one week prior to the first clipping 
date, the foliage yields of treatment 1 (no tree roots) 
about paralleled all other yields for the first two weeks 
with treatment 2 being not significantly different from 
treatment 1, but significantly different from treatment 5. 
This response suggests honeylocust v;as a weaker competitor 
for nitrogen than silver maple or had the capacity to fix a 
portion of its nitrogen requirement from the atmosphere. 
This was as expected since honeylocust was reported, and 
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Table 22. Modified Duncan's Multiple Range Test of treatment 
means of dry weight foliage yields of Kentucky 
bluegrass& 
Treatments^ 12^53 
Week #1 0.22 0.12 0,11 0.10 0.8 
Treatments 12 3 5^ 
Week #2 0.46 0.36 0.27 0.2? 0.25 
Treatments 1 3 2 4 5 
Week #3 0.28 0.21 0.20 0.18 0.17 
Treatments 12 3 4-5 
Week #4 O.38  0.28 0.26 0.25 0.25 
Treatments 12 3 4 5 
Week #5 O. I6  0.11 0.10 0.08 0.08 
Treatments 12 3 4 5 
Week #6 O.43  0.27 0.24 0.20 0.18 
&A11 means not connected by the same line are significantly 
different. 
^1 = No tree roots 
2 = Honeylocust 1 root 
3 = Honeylocust 2 roots 
4 = Silver maple 1 root 
5 = Silver maple 2 roots. 
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Table 22 (Continued) 
Treatments 1 2 4 3 5 
Week #7 0.35 0.16 0.15 0.13 0.11 
Treatments 1 2 4 3 5 
Week #8 0,29 0.18 0.18 0.1? 0.14 
Treatments 1 2 3 4 5 
Week #9 0.32 0 . 2 2  0.19 0.18 0.14 
Treatments 1 4 2 5 3 
Week #10 0.28 0 . 2 2  0.16  0 .16  0.14 
has been observed by the author, to be a less severe com­
petitor with turf in the field. A similar response was 
noted following the second fertilizer application. 
An additional factor of interest occurred beginning 
between the weeks of 6 and ? (October 1-8, I968). During 
this period, both species of trees began going dormant. 
Beginning with foliage yields for week ?, a distinct con­
trasting trend v/as noted when comparing treatment 1 and 
all others. Follov/ing nitrogen fertilization during week 
51 bluegrass under all treatments gave a marked response as 
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< 
expected. However, instead of all treatments showing a peak 
then tapering off, roughly parallel to treatment 1 as noted 
for weeks 1-5i all treatments with tree roots declined only 
until week 7. Foliage yields of treatments with tree roots 
then generally increased for weeks 8, 9. and 10, 
This response suggests that as trees became dormant, 
their root systems became less competitive with the bluegrass. 
This is in agreement with Romberger (281) and Richardson 
(277). No specific examples were found showing honeylocust 
root growth dependent on the presence of foliage or shoot 
growth. 
Bluegrass sod weights were also reduced by tree root 
competition (Table 23). An analysis of variance showed a 
highly significant difference between treatments (Table 24). 
A modified Duncan's Multiple Range Test of treatment means 
further revealed a significant difference between treatment 
1 and all others and between treatment 2 and treatment 5 
(Table 25). A graphic presentation of the data fails to 
aid at this point (Figure 23). However, when bluegrass 
root weights and root/sod ratios are considered, the effect 
of tree roots becomes more obvious (Table 26). Analyses of 
variance shows highly significant differences (Table 27). 
A modified Duncan's Multiple Range Test of treatment means 
shows a significant difference between treatment 1 and all 
others for both roots and root/sod ratios (Table 28). 
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Table 23. Mean dry weight sod yields of Kentucky bluegrass 
Treatment Grams 
1. No tree roots 4.1 
2. Honeylocust 1 root 3.8 
3. Honeylocust 2 roots 3»7 
4. Silver maple 1 root 3»6 
5. Silver maple 2 roots 3«5 
Table 24. Analysis of variance of dry weight sod yields of 
Kentucky bluegrass 
Source of variation d f S S •M S F value 
Treatments 4 2.84 0.710 8.16** 
Error 42 3.64 0.087 
Total 46 6.48 
Denotes significant differences at 1 percent level. 
Graphic presentation of the data further emphasizes the • 
striking effects of tree roots (Figures 24 and 25). 
When bluegrass sod, roots, and root/sod ratios are com­
pared graphically (Figures 23, 24, and 25)» it becomes clear 
why turf competing with tree roots is difficult to maintain. 
By converting the effects of tree roots on bluegrass to 
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Table 25. Modified Duncan's Multiple Range Test of treatment 
means of dry weight sod yields of Kentucky 
bluegrass®-
&A11 means not connected by the same line are significantly 
different. 
2 = Honeylocust 1 root 
3 = Honeylocust 2 roots 
4 = Silver maple 1 root 
5 = Silver maple 2 roots . 
Table 26. Mean dry weight root yields and root/sod ratios 
of Kentucky bluegrass 
Treatment RootsRoot/Sod Ratios 
Treatments^ 1 2  3 ^ 5  
4.1 3.8 3.7 3.6 3.5 
^1 = No tree roots 
(Grams) 
1. No tree roots 
2. Honeylocust 1 root 
5.8 
2 . 2  
1.37 
0.58 
0 . 5 8  
0.40 
3. Honeylocust 2 roots 
4, Silver maple 1 root 1.4 
2 . 2  
5. Silver maple 2 roots 1.2 0.33 
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Figure 23. Mean sod yields of Kentucky bluegrass 
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Table-27. Analysis of variance of dry weight root yields 
and root/sod ratios of Kentucky bluegrass 
Source of variation d f S s M S F value 
Roots 
Treatments 4 156,53 39.13 8.31** 
Error 42 197.64 4,71 
Total 46 354.17 
Root/Sod Ratios 
Treatments 4 7,72 1.930 8.18** 
Error 42 9.90 0.236 
Total 46 17.62 
** Denotes significant differences at 1 percent level. 
percentages of yields with no tree roots present, a very 
striking contrast results (values computed from means in 
Tables 23 and 26). Tree roots reduced bluegrass sod weights 
only 8 to 15 percent, while bluegrass root weights were 
reduced 63 to 80 percent. Root/sod ratios were reduced 
58 to 76 percent. This shows that through the competitive 
factor of the tree, whatever that mechanism may be, the 
bluegrass is being forced to maintain a slightly reduced 
sod on a greatly reduced root system. Such conditions place 
a much greater demand for water and nutrients on the remaining 
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Table 28. Modified Duncan's Multiple Range Test of treatment 
means of dry weight root yields and root/sod 
ratios of Kentucky bluegrass^ 
Treatments^ 12 3^5 
5.8 2.2 2.2 1.4 1.2 
Treatments 12 3^5 
1.37 0.68 0,98 0.40 0.33 
^All means not connected by the same line are significantly 
different. 
^1 = No tree roots 
2 ='Honeylocust 1 root 
3 = Honeylocust 2 roots 
4 = Silver maple 1 root 
5 = Silver maple 2 roots. 
root system. 
Silver maple roots had the greatest effect on bluegrass 
sod, roots, and root/sod ratios. At the time of the final 
harvest, an additional factor became evident. In the process 
of separating bluegrass sod from roots, each grass plant was 
grasped between two fingers and raised slightly to aid in 
accurately severing roots at the point of attachment to the 
stem. Where silver maple roots were present in any treatment, 
it was observed that a mat of grass roots about 3/8 inch 
thick could easily be lifted from the main volume of tree 
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Figure 24. Mean root yields of Kentucky bluegras 
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Figure 25. Mean root/sod ratios of Kentucky bluegrass 
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roots (Figures 26 and 27). Since silver maple roots were 
red and Kentucky bluegrass roots were white, it was immedi­
ately noticed that no silver maple roots were present in 
this mat, A thorough washing to remove all peat and soil 
particles confirmed this observation and revealed a mesh­
like pattern of bluegrass roots with many roots concentrated 
around the margin where watering practices caused a build-up 
of silt (Figure 28). This layer of bluegrass roots is of 
particular interest, since prior to bluegrass seeding silver 
maple roots were frequently observed in this surface zone. 
That silver maple roots grew in this extlreme surface soil 
layer is further noted when silver maple roots in pots with­
out bluegrass were observed (Figure 29). The fate of 
silver maple roots in this zone following planting of 
Kentucky bluegrass is unknown. It should be re-emphasized 
i 
at this point that the soil surface was in no way disturbed 
at the time of bluegrass seeding. The 30 grams of soil mix 
distributed over the bluegrass seed following planting only 
partially covered the seed to aid in germination. At most, 
it could have added perhaps l/l6 inch of new soil to the 
surface of the pot. 
With the washing process to separate roots from soil 
mix, all pots were inverted and layers of soil mix removed. 
Since bluegrass roots had formed a dense mat on the soil 
surface and appeared to penetrate the main soil volume 
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Figure 26, Grass root layer lifted from surface of soil 
containing silver maple roots 
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Figure 27, Separation of grass root layer from main volume 
of soil containing silver maple roots. Note 
thickness of grass root layer on the right 
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Figure 28, Soil mix removed from mat of grass roots, 
tree roots were present 
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Figure 29. Distribution of silver maple roots without 
bluegrass in inverted position 
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containing silver maple roots only slightly, the distance 
from the surface of the pot to the deepest root tip was 
recorded for all treatments (Table 29). Bluegrass roots 
were found at the very base of the container and evenly 
distributed throughout in all instances where tree roots 
were not present (Figure 30). Likewise, bluegrass roots 
were found at the very base of the container in all 
instances where honeylocust roots were present and much 
intermingling of roots was noted with only a slight massing 
of bluegrass roots at the soil surface (Figure 31)- Where 
silver maple roots were present, bluegrass roots were only 
found next to the wall at the base of the container. This 
was noted more frequently where one silver maple root was 
present as opposed to the presence of two silver maple roots 
(Figure 32). 
Data were subjected to analysis of variance (Table 30) 
and a modified Duncan's Multiple Range Test of treatment 
means (Table 31)» A significant difference was found 
between treatment 5 (2 silver maple roots) and all others. 
Such a reduction in depth of penetration of bluegrass roots 
coupled with the drastic reduction in total weight of blue-
grass roots produced further evidence of the extreme dif­
ficulty in establishing and maintaining good turf where cer­
tain tree roots are well established. 
Another interesting aspect of bluegrass response to tree' 
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Table 29, Mean depth of rooting of Kentucky bluegrass 
Treatments Inches 
1. No tree roots 6 
2. Honeylocust 1 root 6 
3. Honeylocust 2 roots 6 
4. Silver maple 1 root 5 . 7  
5. Silver maple 2 roots 3 . 8  
Table 30, Analysis of variance of depth of rooting of 
Kentucky bluegrass 
Source of variation d f S s m s F value 
Treatments 4 39 9 . 7 5  15.23** 
Error 42 27 0 . 6 4  
Total 46 66 
** Denotes significant differences at 1 percent level, 
roots was found when numbers of established bluegrass plants 
per pot and numbers of tillers produced were determined 
(Table 32). Analyses of variance revealed highly significant 
effects of treatments for both first and final counts of 
established bluegrass plants per pot (Table 33), A modified 
Duncan's Multiple Range Test of treatment means showed a 
Figure 30. Grass plants with root system exposed 
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Table 31. Modified Duncan's Multiple Range Test of treatment 
means of depth of rooting of Kentucky bluegrass^-
Treatments^ 12 3^5 
6 . 0  6 . 0  6 . 0  5 . 7  3 . 8  
&A11 means not connected by the same line are significantly 
different. 
^1 = No tree roots 
2 = Honeylocust 1 root 
3 = Honeylocust 2 roots 
4 = Silver maple 1 root 
5 = Silver maple 2 roots. 
Table 32. Mean counts of established Kentucky bluegrass 
plants and number of tillers per pot 
Treatment First 
Count®-
Final 
Count" 
Tillers 
Produced^ 
1. No tree roots 224.3 268.3 44.0 
2. Honeylocust 1 root 184.2 218.3 34.1 
3. Honeylocust 2 roots 174.7 204.9 30.2 
4. Silver maple 1 root 157.8 200.0 42.2 
5. Silver maple 2 roots 161.2 193.6 32.4 
^Counts of established plants taken 3^ days after seeding. 
^Counts of established plants taken at termination of experi­
ment. 
cIncrease in number of plants, final count minus first count, 
attributed to production of tillers. 
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Figure 31» Intertwining bluegrass and honeylocust root 
systems 
14-0 
1> No Ik's* Roots 
Z'Honoytoeust 1 Root 
3r>Honoyloeust 2 Roots 
4'Silver Mapio 1 Root 
S-Siivar Mapla 2 Roots 
Figure 32. Mean depth of rooting of Kentucky bluegrass 
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Table 33- Analysis of variance of established Kentucky 
bluegrass plants per pot 
Source of variation d f S S M S F value 
Counts& 
Treatments 4 29»956 7.489 6.6l#* 
Error 40 45,311 1,133 
Total 44 75.26? 
Counts^ 
Treatments 4 40,055 10,014 6.04** 
Error 42 69,764 1,659 
Total 46 109,819 
^Taken 3^ days after seeding. 
^Taken at termination of experiment. 
** Denotes significant differences at 1 percent level. 
significant difference between treatment 1 (no tree roots) 
and all others for both dates (Table 34), After the first 
counts- were taken and the effect of tree roots on bluegrass 
germination noted, the question immediately arose as to the 
effect on bluegrass tiller production. By subtracting the 
number of established plants on the first date from the 
number at the final date, the increase in number of plants 
for the 11 week period was obtained. This increase was 
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Table 34. Modified Duncan's Multiple Range Test of treatment 
means of established bluegrass plants per pot& 
Counts taken 34 days after seeding 
Treatments^ 1 2 3 4 5 
224.3 184,2 174.7 l6l.2 157.8 
Counts taken at termination of experiment 
Treatments 12 3 4 5 
268.3 218.3 204.9 200.0 193.6 
&A11 means not connected by the same line are significantly 
different. 
^1 = No tree roots 
2 = Honeylocust 1 root 
3 = Honeylocust 2 roots 
4 = Silver maple 1 root 
5 = Silver maple 2 roots. 
attributed to the production of tillers. Since more blue-
grass plants established where tree roots were absent, and 
without the competitive effects, it was theorized that these 
plants would produce significantly more tillers in a given 
period of time. An analysis of variance of the data failed 
to support this theory (Table 35). Whatever the mechanism 
responsible for reducing bluegrass germination, it had no 
significant effect on tiller production (Figure 33)• It is 
not surprising that bluegrass germination was affected. It 
is well-known that germinating seed is much more sensitive 
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Table 35. Analysis of variance of number of Kentucky blue-
grass tillers produced per pot at various levels 
of tree root competition. 
Source of variation d f S S M S F value 
Treatments 4 232 58.0 0.146 NSa 
Error 40 15.913 397.8 
Total 44 16,145 
^Denotes no significant differences. 
to various soil factors than established plants (177), 
However, when considering the effects of tree roots on blue-
grass sod, roots, root/sod ratios, and depth of rooting, it 
seems unusual that no effect on tiller production was found, 
Moser, Anderson, and Miller (229) found a great variation 
in tiller production between selected varieties of bluegrass, 
however, it seems unlikely with a mixture of common Kentucky 
bluegrass seed sown at random,, such a bias could occur. 
No attempt v/as made to isolate or otherwise determine 
the mechanism by which tree roots so strikingly reduced 
various aspects of bluegrass germination and growth. Until 
further investigations are conducted, one can only speculate 
as to what the mechanism may be. These data, do however, 
give some indications as to the nature of the response. The 
fact that bluegrass root weights were reduced far more than 
1# 
Figure 33. Mean established Kentucky bluegrass plants per 
pot on two dates. Note differences are 
attributed to tiller production 
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sod weights suggests a factor present in the soil and not 
absorbed and translocated within the grass plant to any 
extent. Also, the effect on bluegrass germination suggests 
either a volatile material or perhaps a separate mechanism 
from that affecting roots. Beyond this, the factor could be 
some material released from the tree roots into the soil or 
simple a competition for oxygen or some other soil component 
necessary for growth. 
Bergman (28) noted the ability of plants to survive or 
grow when the oxygen supply to their roots or other parts 
is greatly reduced depends upon physiological or structural 
differences or both. Barker and Broyer (19) noted that 
competition between roots and microorganisms for oxygen is 
probably keen at all times. Livingstone (197) suggested 
that unfavorable conditions that precede toxic root excre­
tions may include oxygen deficiency. It does seem likely 
that at least some oxygen competition could occur between 
the well established tree roots and the invading bluegrass 
roots. That established tree roots could place such a demand 
on soil oxygen so as to limit grass root growth seems pos­
sible, although the literature does not directly support this 
view. It seems less likely that oxygen could be a factor 
affecting bluegrass seed germination on the soil surface 
unless it is in some way affecting seedling survival rather 
than germination. 
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The possibility of some growth inhibitor, volatile or 
non-volatile, being produced by the tree roots and released 
into the soil mass to influence seed germination, grass root, 
and sod development or both, leads to considerable specula­
tion based on available literature. The existence of such 
chemicals has only been recognized and studied to any degree 
since Bonner's work in the late 1940*8 (49). Garb (124) 
recently stated that plant growth inhibitors may be far more 
widespread and important than v/as first suspected. Effects 
of inhibitors have been reported as more or less specific, 
affecting one kind of plant whereas another kind of plant 
is practically unaffected (297). Along this same line. Garb 
(124) noted that one of the most striking characteristics of 
some of these inhibitors is the wide gap between the concen­
tration which inhibits the growth of sensitive plants and 
the concentration which actually kills those plants. Like­
wise, the presence of germination-inhibiting substances in 
plants seems to be a wide-spread phenomenon, occurring in 
nearly all parts of plants (ll6). 
These data give little indication of the nature of the 
factor responsible for the striking effects on Kentucky 
bluegrass. The possibility exists that competition, biochemi­
cal inhibition or some combination of the two is responsible 
for the results. 
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Growth Response of Tree Roots 
Competition from Kentucky bluegrass had little effect 
on either honeylocust or silver maple roots (Table 36). 
Analysis of variance revealed no significant differences 
(Table 37)» This v/as expected since tree roots were allowed 
to establish about 4 1/2 months before seeding of bluegrass. 
Root distribution for silver maple v/as similar to that 
described in Part I (see also Figure 29). However, honey-
locust root distribution v/as much different from those 
observed in the heavier soil mix of Part I. Instead, honey-
locust roots were distributed in a manner similar to that 
observed in Part II where insertion was in the center of the 
pot instead of the bottom (Figure 34). Some roots grew 
around the basal margin of the pot but distribution was noted 
throughout the soil volume and more branch roots were 
observed. This further supports the suggestion made in Part 
I that the failure of honeylocust roots to grow upwards was 
related to an aeration factor. This is in agreement with 
Lyr and Hoffman (208) who state that in soils of low moisture 
content, fine roots are usually densely-branched and roots 
in swamps are relatively long and poorly branched. 
When considering growth of tree roots in a container, 
it becomes evident that a given volume of soil can support 
only some undetermined amount of roots. The question was 
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Table 36. Mean dry weight tree root yields in grams 
Treatments Honeylocust Silver maple 
1. One root I2.I3& 11.90e 
2.  Two roots 11.86% 9.10f 
3.  One root + grass I3.23C 11.57® 
4. Two roots + grass 9.44d 8.39S 
&Mean of 4 replications. 
^Mean of 18 replications. 
^Mean of 9 replications. 
dMean of 20 replications. 
®Mean of 6 replications. 
%iean of 26 replications. 
êMean of 24 replications. 
Table 37* Analysis of variance of dry weight tree root 
yields 
Source of variation d f S s M S F value 
Honeylocust 
Treatments 3 137.56 45.85 0.83 NSa 
Error 43 2,377.38 55.29 
Total 46 2,514.94 
Silver maple 
Treatments 3 116.94 38.98 0.77 NS 
Error 55 2,237.31 40,68 
Total 58 2,354.25 
^Denotes no significant differences. 
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Figure 34. Honeylocust root distribution when inserted in 
base of container with porous media in inverted 
position 
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raised that if one tree root per pot was able to produce 
enough roots to permeate the soil volume, this might help 
explain why the presence of two tree roots per pot had only 
slightly greater effects on the bluegrass. In addition, it 
could aid in explaining v/hy few of the three tree roots per 
pot survived. 
This v/as investigated by analysis of variance of dry 
weights of total tree roots produced per pot (Table 38). 
Significant differences were found for both tree species. 
A modified Duncan's Multiple Range Test of treatment 
means revealed a significant difference for silver maple 
between two roots per pot, with or without grass, and one 
root per pot, with or without grass and for honeylocust 
between two roots per pot without grass and one root per 
pot, with or without grass (Table. 39). Data show that most 
silver maple roots produced in one container was 27.6 grams 
dry weight while the most produced by one root alone v/as 
20.5 grams dry weight. The most honeylocust roots produced 
in one container v/as 42.1 grams dry weight, while the most 
produced by one root alone v/as 31.2 grams dry weight. These 
values are much higher than the treatment means for each 
respective species (Table 39). This suggests that at least 
in most instances, less than the maximum amount of roots was 
produced per pot. 
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Table 38,  Analysis of variance of total tree roots produced 
per pot 
Source of variation d f S s M S F value 
Honeylocust 
Treatments 3 605.58 201.86 2.99* 
Error 26 1,754.05 67.46 
Total 29 2,359.63 
Silver maple 
.Treatments 3 4,155.94 1,385.31 50.69** 
Error 31 847.25 27.33 
Total 34 5,003.19 
* Denotes significant differences at 5 percent level. 
** Denotes significant differences at 1 percent level. 
Table 39. Modified Duncan's Multiple Range Test of treatment 
means of total tree roots produced per pot& 
Honeylocust 
Treatments^ 2 4 3 1 
23.73 18.89 13.23 12.13 
Silver maple 
Treatments 2 4 1 3 
18.19 16.78 11.90 11.57 
&A11 means not connected by the same line are significantly 
different. 
^1 = One root 
2 = Two roots 
3 = One root + grass 
4 = Two roots + grass. 
153 
DISCUSSION AND CONCLUSIONS 
Results of these experiments suggest that root com­
petition between trees and turfgrass may play an important 
part in the manmade landscape. Past cultural practices 
have often failed to consider interactions between these 
plants leading to much confusion and uncertainty in the 
grounds maintenance and landscape related industries. 
Dry weight foliage yields of established Kentucky blue-
grass were significantly reduced by the presence of tree 
roots only 6 of the 14 weeks of the experiment. The only 
trend was that treatment 1 (no tree roots) generally 
yielded most. Foliage yields from other treatments were 
very irregular. The reason for this inconsistency is not 
understood and no explanation is offered on the basis of 
these experiments. 
Dry weight yields of established bluegrass sod, roots, 
root/sod ratios, and counts of established plants per pot 
were not significantly affected by developing silver maple 
or honeylocust roots. The rapid establishment of the blue-
grass prior to tree root development is likely responsible 
for these results. 
Established bluegrass had no significant effect on 
honeylocust root development but had a highly significant 
effect on silver maple roots. Development of a single root 
was significantly reduced by Kentucky bluegrass, and about 
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the same reduction was noted if an additional silver maple 
root was inserted in a container devoid of bluegrass. A 
single tree root was further reduced significantly if both 
bluegrass and an additional tree root were present in the 
same container. This is in agreement with Richardson (273) 
who found that ryegrass (Lolium perenne) depressed root 
growth rate, period of active growth, and density of root 
hairs of sycamore maple (Acer pseudoplatanus). He ascribed 
the inhibiting effect of grass on the growth of trees to a 
variety of factors ranging from straightforward competition 
to the production of hypothetical toxic substances. Unfor­
tunately tvfo seemingly important factors were not mentioned: 
clipping height of the reygrass if any occured and estab­
lishment sequence of the two plants. 
Research reported by Harris (151) noted similar results 
with Magnolia grandiflora and Zelkova serrata growing in . 
alta fescue, (Festuca arundinacae). Although he noted the 
grass was maintained as turf, clipping height or other 
cultural conditions were not mentioned. 
The location of developing silver maple roots in rela­
tion to most roots of bluegrass and the prior establishment 
of bluegrass was probably most responsible for restricting 
tree root growth. Clements, Weaver, and Hansen (84) found 
that grasses have a sharply retarding effect upon extent of 
tree root systems. However, these results were with 
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non-clipped prairie grasses. Clipping gave a many-fold 
reduction in roots of turfgrasses (100) and clipping 
height of Kentucky bluegrass influenced quantity of roots 
to a greater degree than cutting frequency (172). Similar 
results were reported by Biswell and Weaver (32) working 
with prairie grasses. 
The reason established Kentucky bluegrass had no 
significant effect on honeylocust root development is not 
clear. However, since honeylocust roots were only found 
in the base of the container arid bluegrass roots were 
concentrated primarily near the soil surface, spacial 
separation may have prevented bluegrass from expressing 
any possible significant effects on honeylocust root 
development. Honeylocust roots probably remained in the 
base of the container because of a moisture-aeration 
factor. Luthin and Miller (206) reported a zone at the 
base of the container with less moisture than the soil 10 
to 20 centimeters above in a 120-centimeter column. In a 
6-inch pot, this zone would be much nearer the bottom. 
Honeylocust roots were coarse and poorly branched. Lyr .and 
Hoffman (208) reported that in soils of low moisture content, 
fine roots are usually densely-branched and that roots in 
swamps are relatively long and poorly branched. 
When establishment of silver maple and honeylocust 
roots Yv'as simultaneous with common Kentucky bluegrass, 
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significant effects were noted on the bluegrass with no 
significant effects on tree roots. Dry weight foliage 
yields were significantly reduced by competing tree 
roots on 9 of 10 clipping dates. Bluegrass sod was 
significantly reduced by the presence of tree roots. 
However, this reduction was much less striking than the 
highly significant decrease of roots and root/sod ratios 
where tree roots were present. These data suggest why it 
is difficult to establish and maintain Kentucky bluegrass 
turf in competition with most trees even when trees 
and bluegrass are planted simultaneously. Apparently the 
tree roots were able to establish more rapidly than 
anticipated, thus having a significant influence on blue-
grass growth and development. Similar conditions may 
also occur where the upper 4 to 6 inches of soil is tilled 
to destroy tree roots and prepare a suitable grass seedbed. 
Tree roots probably re-establish first, significantly 
restricting the bluegrass. On this basis, destruction of 
tree roots near the soil surface prior to seeding blue-
grass is a questionable cultural practice for establishing 
turf and certainly not a desirable practice from the 
standpoint of the health and vigor of the tree. 
Apparently both tree species developed new roots at 
a pace equal to or greater than Kentucky bluegrass. In doing 
so the tree roots were not significantly affected by the 
15? 
developing bluegrass. Amount and distribution of roots 
were similar for both tree species in this instance. 
When silver maple and honeylocust roots were estab­
lished prior to seeding of common Kentucky bluegrass, 
highly significant effects were noted on the bluegrass 
with no significant effects on tree roots. Dry weight 
foliage yields were significantly reduced by tree roots 
on all clipping dates. Bluegrass sod, roots, and root/sod 
ratio reductions were highly significant. All three growth 
measurements were significantly different between no tree 
roots and tree roots in other treatments. By converting 
effects of tree roots on bluegrass to percentages of yields 
with no tree roots present, a striking contrast results. 
Tree roots reduced bluegrass sod weights 8 to 15 percent 
yet reduced bluegrass root weights 63 to 80 percent. 
Root/sod ratios were reduced 58 to 76 percent. This shows 
the bluegrass is being forced to maintain a slightly 
reduced sod on a greatly reduced root system; Such condi­
tions place a much greater demand for water and nutrients 
on the remaining root system. 
The reduction of the bluegrass root system is further 
complicated by silver maple roots apparently restricting 
penetration of bluegrass roots into the main soil mass. It 
was observed that where silver maple roots were present in 
any treatment, a mat of bluegrass roots about 3/B inch thick 
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could, be easily lifted from the main soil volume. Where 
two silver maple roots occupied the same container, depth 
of rooting was significantly reduced. Such a restriction 
of rooting depth coupled with the reduced root system would 
increase landscape maintenance problems many-fold. Nutri­
tional programs, watering regimes, and cultural practices 
such as mowing height and frequency and aerification need 
to be re-evaluated in light of these results. A many-fold 
reduction in bluegrass roots between 11/2 and 3/4 inch 
clipping height has been reported (100). The possibility 
exists that by increasing the bluegrass clipping height 
from 1 1/2 to 2 1/2 inches, competitive ability of the grass 
could be increased sufficiently to reduce maintenance prob­
lems, Several turf research workers have reported on the 
depressing effect of increased,nitrogen on grass root 
development (57i 100, 214, 239)» which could also affect 
its competitive ability. However, Lyr and Hoffmann (208) 
state that for trees it is a well-known fact that root 
development in poor soils is comparatively stronger than in 
rich ones. Thus, it would seem that, at least for nitrogen, 
nutritional level might not be a prime factor influencing 
competitive ability of either plant. 
Established tree roots significantly reduced the number 
of bluegrass plants established from a given number of seed. 
Whether the effect on bluegrass occurred at the time of 
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germination, during early stages of development following 
germination or later is not known. It seems possible some 
type of inhibitor of germination could be released by the 
tree roots and directly reduce germination percentage. On 
the other hand, if an inhibitor did not affect germination, 
but was present in the soil reducing root growth at an early 
stage in bluegrass establishment, many young plants could 
have succumbed to environmental conditions or disease that 
otherwise would have survived. The further possibility 
exists that an inhibitor could participate both in reducing 
germination and decreasing bluegrass vigor. The possi­
bility of a selective inhibitor would aid in explaining 
why tiller production was not significantly altered by the 
presence of tree roots. 
The possibility also exists that growth of roots and 
microorganisms in the containers reduced oxygen or increased 
carbon dioxide to levels which weakened the growth of grass 
roots making them more susceptible to environmental stress 
or disease (344). Barker and Broyer (19) noted that 
competition between roots and microorganisms for oxygen 
is probably keen at all times. 
Oxygen competition could serve as an explanation for 
bluegrass roots being reduced much more than sod where tree 
roots were established either first or at the same time. The 
l6o 
sod would be effected only indirectly by reduced water and 
nutrient uptake, while roots would be directly affected 
because of the physical relationship of the two plant roots. 
Seigel and Rosen (294) suggest that a pattern of oxygen 
requirements exists during development and that oxygen supply 
may, like light and temperature, serve as a regulator. They 
further report that oxygen requirements will vary among 
species, individuals, and stages of development. It seems 
probable that at least some oxygen competition does exist. 
It is not known if this is sufficient to significantly reduce 
the number of bluegrass plants or their growth. 
Another interesting observation was that silver maple 
roots penetrated established grass roots much better than 
grass roots could penetrate established silver maple roots. 
This suggests that silver maple is, in some way, better 
adapted to compete with Kentucky bluegrass than vice versa. 
These data give little indication as to the nature of the 
factor or factors responsible for the striking effects of 
silver maple and honeylocust roots on Kentucky bluegrass. 
Likewise, little is knovm about the effect of established 
Kentucky bluegrass on silver maple roots. It seems possible 
that a situation could exist in the landscape where the 
grass removes materials from the tree roots beyond the drip-
line where the grass is in full sun. While at the same time 
the tree removes materials from the grass roots beneath the 
I6l 
canopy where light is greatly limiting. That such a system 
does or could exist is pure speculation, but not unreason­
able. The further possibility exists that competition, 
biochemical inhibition or some combination of the two was 
responsible for the results. 
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SUMMARY 
Through controlled greenhouse experiments in containers, 
competition "between roots of silver maple and honeylocust 
trees and seeded common Kentucky bluegrass was measured. 
Three experiments were conducted: (1) bluegrass established 
prior to tree roots; (2) bluegrass and trees established 
simultaneously; and (3) tree roots established prior to 
seeding of bluegrass. 
Where bluegrass was established first, roots of silver 
maple were significantly reduced by the grass. Established 
bluegrass had no significant effects on honeylocust roots. 
This was probably related to the location of the tree roots 
in the container. Bluegrass foliage yields were significantly 
reduced by tree roots on 6 of 14 clipping dates. This re­
sponse is not understood as there was no consistent pattern 
to this reduction. Bluegrass sod, roots, root/sod ratios, 
and counts of established plants per pot were not signif­
icantly affected by the tree roots. 
When bluegrass and trees were established simultane­
ously, no significant effects were noted for either tree 
species. However, bluegrass foliage yields on 9 of 10 
clipping dates were reduced significantly. Bluegrass sod, 
roots, and root/sod ratios were also reduced significantly 
by the presence of tree roots. 
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Established tree roots were not significantly affected 
by seeded bluegrass. On the other hand, bluegrass foliage 
yields were reduced significantly on all clipping dates. 
Bluegrass sod yields were reduced significantly, but highly 
significant reductions were found for roots and root/sod 
ratios. It was further noted that the presence of estab­
lished silver maple roots in a container caused most of the 
bluegrass roots to form a mat about 3/8 inch thick at the 
soil surface which could be easily removed. Two silver 
maple roots in a container caused a highly significant reduc­
tion in the depth of bluegrass roots. Established tree roots 
significantly reduced the number of established bluegrass 
plants per pot, but had no effect on tiller production. 
Results suggest that shallow-rooted tree species planted 
in established bluegrass turf may produce only limited root 
systems initially because of suppressing effects of the 
grass. Deeper rooted trees may be unaffected. However, 
when tree roots were established simultaneously or prior to 
seeding of bluegrass no effects were noted on tree roots. 
Reduced bluegrass roots, root/sod ratios, and depth of 
rooting would probably require increased turf maintenance in 
the landscape where established tree roots are present. 
Root growth of silver maple v/as decreased by established 
bluegrass, and seedling growth of bluegrass was decreased by 
established silver maple and honeylocust roots despite 
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attempts to supply adequate water, light., and nutrients 
to all plants. It is hypothesized that biochemical 
inhibition (allelopathy) may be involved. 
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